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II BACKGROUND ART 
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.". Object-oriented expert systems allow a powerful knowledge representation of physical entities and 

jonceptual entities. In those systems, data and behavior may be unified in the class hierarchy. Each class has a 
template that defines each of the attributes characteristic of that class and distinguish it from another types ot" 
objects. Manipulation and retrieval of the values of the data structures may lie performed through methods 
attached to a object's class. Model-based systems can be derived from empirical models based on regression 
of data or front first-principle relationships between the variables. When sufficient information to model a 
process -or part of it- is available, a more precise and compact system can be built. 

-1. There is a number of commercially available shells and toolkits that facilitate the development and 
deployment of domain-specific knowledge-based applications. Of those, real-time expert-system shells offer 
capabilities for reasoning on the behavior of data over rime. Each of the real-time object-oriented shells from 
various vendors offers its set of advantages, and each follows a different approach, such as compiled versus 
interpreted, and offers a different level of graphic sophistication. The specific shell currently selected for the 
implementation of this invention is Censym Corporation's C2 Version 3.0 system, and in part Version 4.0, 
which is designed for complex and large on-line applications where Urge number of variables can be monitored 
concurrently. It is able to reason about time, to execute both time-triggered and event-triggered actions and 
invocations, to combine heuristic and procedural reasoning, dynamic simulation, user interface, database 
interface capabilities, and other facilities that allow the knowledge engineer to concentrate on the 
representation and incorporation of domain-specific knowledge to create domain-specific applications. C2 
provides a built-in inference engine, a simulator, prebuilt libraries of functions and actions, developer and 
user-interfaces, and the management of their seamless interrelations. A built-in inspect facility permits users to 
search tor, locate, and edit various types of knowledge. Among C2's Inference Engine capabilities are: a) data 
structures are tagged with time-stamp and validity intervals which are considered in all inferences and 
calculations, taking care of truth maintenance; and b) intrinsic to C2's tasks are managed by the real-time 
scheduler. Task prioritization, asynchronous concurrent operations, and real-time task scheduling are 
therefore automatical!}' provided by this shell. C2 also provides a graphic user interface builder, which may be 
used to create graphic user interfaces which are language independent and allow to display information using 
colors, pictures and animation. Dynamic meters, graphs, and charts can be defined for interactive follow-up of 
the simulation. It also has debugger, inspect and describe facilities The knowledge bases can be saved a< 
separated modules as ASCII files. The graphic views can be shared with networked remote CPU* or terminals 
equipped with X Windows server software. 

B. Computer-Aided Physiological and Molecular Modeling and Artificial Intelligence in Molecular 
Biology 

1 . Most computer-aided physiological and molecular modeling appnuches have resulted in computer models ot 
physiological function that are numerical mathematical models that relate the physiological variables using 
empirically determined parameters. Those models, which can become quite complex, aim at modeling die overall 
system. 

2. Both molecular biology and medicine have been fields of previous activity in the application ot artificial 
intelligence (All. In molecular biology, although there were some early systems such as Molgen and Dendral. the 
activitv has intensified recently as a consequence of the explosion in new technologies and the derived data, 
mostly related with the Human Genome pmject and the handling of large amounts of sequence data generated, 
relating to both DMA and proteins. There has also been an increased interest in computer methodologies in 2-D 
structural models of molecular interactions. As an example, the topics covered in symposia such as the recent 
Second International Conference on Intelligent Systems for Molecular Biology, 1W, Stanford University, CA 
(see the reference to its Proceedings for a current state of the art, which are here included by reference ) cover 
areas as wide as machine learning, automatic generation of representations, inductive and deductive reasoning, 
case-based reasoning, computational linguistics applied to both text and DNA or protein sequences, constraint 
propagation, bayesian inference, neural networks, qualitative modeling, expert systems, object-oriented 
databases, simulation, knowledge acquisition technologies, and knowledge base maintenance In those and 
many other published papers, there are as many objectives and as many approaches as there are teams. The 
pmjects. however, are in most cases of academic interest, and in few cases it has been attempted to develop finish 
products for commercial distribution. Here, only two projects will be mentioned that have some common 
objectives with the system that is the object of this invention. Discu-sionsover other previous approaches are 
also included in those reference-. 

3. Tlie Molgen gniup at the Stanford University's Knowledge Systems Laboratory has been studying for several 
vears scientific theorv formation in the domain of molecular biology, as reported in by Karp, IVD. and Friedland. 
P. (included here hv reference). This project relate* to the system obiect of this inv ention in that both ".ire 
concerned with biochemical systems containing populations ot interacting molecules . .. in which the form of 
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complex systems, which can be further integrated with monitoring and control devices to monitor and control 
the operation or the complex svstems modeled, based on the real-time simulation ot those V.rtual Models. The 
astern of this invention can be used bv scientists to build the Virtual Model*, which in turn are to be used by 
process engineers to design, monitor and control a variety of processing units. The Virtual Models can also be 
used for information retrieval, bv using the set of visual interfaces provided to perform a variety ot tasks. The 
available information and data about those complex models is stored into modular, modifiable, expandable and 
reusable knowledge structures, with several layers of encapsulation which allows to hide or display the 
details at the desired level of complexity. More particularly, the virtual models in the present invention 
describe visual models of biochemical complex systems, comprising sets of icons representing processes and their 
participants linked into multidimensional pathways, further organized in a hierarchy of icons representing 
discrete time and space compartments, wherein such compartments may contain other compartments, and 
wherein those modular icons encapsulate in different layers all the information, data, and mathematical model* 
that characterize and define each virtual model. 
B. Process industries can save millions of dollar* by using different methods of process optimization to control 
production facilities. Using large-scale cultivation of microorganisms or mammalian cells are extreme cases in 
terms of complexity, when considering then as the individual manufacturing plants involved in complex chemical 
synthesis. Microorganisms are the preferable systems for producing natural substances that have a multitude ot 
uses such as drugs, foods, additives, biodetergents, biopolymers, and other new and raw materials. Most 
particularly, mammalian cells are the preferable systems for producing potent active substances for therapeutic 
and d.agnostic uses. The ultimate level of complexity is using a whole animal as the live factory tor continuous 
production tor important secreted proteins. However, the current systems only monitor very general types ot 
phenomena, such as gas pressure, pH. and in some occasions, the concentrat.on of some product that correlate- 
with cell growth or production. For example, for controlling the production of a particular secreted protein 
that may be produced in verv low amounts in relation to other protein, the total protein amount of protein is 
measured, which is a verv poor indicator of how much of thedesired protein is produced. Complex mixtures ot 
chemical reactions can be finely controlled externally by modifying the types and amounts of inputs added, it 
one could predict what will happen by adding those inputs, which requires a good knowledge and a model ot 
such svstem of reactions. This is particularly the case with biological cellular systems that have a very 
sophisticated methods to transduce the signals provided by ligands in their external environment to the interior 
of the cell, resulting in the execution of specific functions. Such detailed and accessible mechanistic models ot 
tho-e pathways of reactions are not currently used for monitoring and control systems, but would be highly 
desirable. This invention provides the svstem and methods that allow to. a) build detailed mechanistic models 
or the complex systems involved, and bj to use inference methods that integrate the simulation of those Virtual 
Models with inputs from monitoring devices to allow for the intelligent control of the operation of the complex 



system. 



C The accuracy and validity of knowledge-based systems correlates not only with the quality of the knowledge 
available to the developers but aljo with their ability to understand, interpret and represent that knowledge 
B*cau-« ot the complex interrelationships driving the biochemical processes within and between cells, it i> 
nece^sarv to provide the manv options for knowledge representation required by those systems. This invent.on 
presents a hvbrid dynamic expert svstem that combines, a) the inheritance and encapsulation teatures 
characteristic of an object-oriented modeling approach, b) the procedural and rule-based inference capability ut 
an expert system, and c) a model-based simulation capability. It is a further advantage or this invent.on to 
provide a framework that: a> allows domain-experts to directly enter their knowledge -to create and rr.od.ty 
visual models, as needed based on additional experimentation-, without the need of knowledge engineers a-, 
intermediaries, and b) provides a knowledgebase having a well defined structure for representing knowledge 
about entities. proces-es. pathways and interacting networks of pathways, providing a visual interface ana 
associated methods capable of dealing with incomplete and constantly evolving information and data The data 
structures and domain-specific knowledge-base are independent of application-specific use. allowing the 
appl.cation-specific knowledite-bases to expand without affecting the basic operation ot the system. Spec.t.c 
applications can be quicklv built by using the prebuilt building blocks and the paradigm ot "Clone. Connect. 
Configure, and Initialize"! The structure of the domain-specific knowledge-base serves also as the 
infrastructure provided to store additional information about new objects and models. The innovations of this 
invention include but are not limited to the specific design, generation, integration, and use of the l.brar.es or 
building-blocks acce-s panels, and their associated methods, that allow representation, interpretation, 
modeling and emulation of different tvpes of entities and their Mate-, relations, interactions, the pool* or each ot 
those entitle- in different compartments, the processes in which tin.** pools ot entities participate, their d.scre.e 
compartmental./ation ,n time and space, a- well as the concepts that make the simulation ot tins very complex 
systems possible A large Virtual Model can he built as a «t of module*. focusing each on dirrerent subsystem, 
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Each of the modules can be run on too or the repository module that contain the class definitions and associated 
methods, and they can be dependent or independently of each other, or thev can be maintained in separate CPUs 
and seamless integrated by the Shell s supervisor. 

D. This invention includes libraries providing the prebuilt building-blocks necessarv for visually representee the 
vast breath ot knowledge required for building virtual models of complex svstems in general, and of bioloeica I 
systems .n particular. The building-blocks are classified in palettes that can be selected throu«h svstem menus 
The descriptive information and data and the mathematical models are all encapsulated within the modular 
components, m the form of attribute tables and in the form of component icons, with a plurality of methods are 
associated with each of the icons. The visual models are built by interconnecting components of each reservoir 
.con to components of the one or several process icons in which their entities participate as inputs or outputs or 
b> interconnect components of each process icon to components of the one or several reservoir icons that ' 
provide inputs or receive outputs to that paxes* icon, resulting in complex networks of multidimensional 
pathways ot alternating layers of reservoir icons and process icons, which mav be located in the same on in 
oitterent compartments. The time compartment icons, the reservoir icons, and the process icons or their 
components compnse sets of quantitative variables and parameters, and a set of associated methods that perm.t 
real-hme s.mulahons ot the models created with those modular components. The svstem of this invention 
combines a, number or programming paradigms, integrating the visual interface to define and constrained object* 
represented by ,cons, with procedural and inferential control and quantitative and semiquantitative 
s.mulat.on methods, providing a variety of alternatives to deal with complex dynamic systems. 

E. Ot' importance in simulating the behavior of complex systems is the need to model the different quantities and 
sates atwh.ch the entities can be found in particular locations at different points in time, and also to model the 
events that cause the transitions from one state to another, or the translocation from one location to another or 
*e progress to the next phase in the t.me sequence. Some of the important teachings of this invenfon comprise 
tiie representation ot those states, transitions, and locations; the methods to implement their graph.c modelmu 
ZltT T *y~m«Hy simulate the dynamics of the pools of entit.es in each state. .Lnon. or P hase l„ 
*e particular domam .implemented to illustrate this invent.on. there are >everal major tvpes of states and 
rransmons to be considered, depending of whether the entity to be considered is a biological svstem. organ cell 
cellularcompartment.moleculec.ranyotheroftheircomFH.nenrs. We are providing here with'jus, a few 
examples considered in the currently preferred embodiment of this invention. 

F. Tlje architecture of the system of this invention allows various bioProcesses to simultaneous* compete for the 
contents of a bioPool while also allows one biolVol to participate in vanous bioProcesses in different 
capact.es. with dirterent units within a bioPool behaving ,n different wavs. as determ.ned bv the class of 
b.oReactant to wh.ch they are distantly connected via the biol'osts. With this implementation, all bioEnsme* 
that input units into a g.ven bioPool and all the bioEngines tha, get input units from that bioPool are mte^ated 

rm! * T T*' ? f Uni,S 3 ** m »« ** WoPixds that get mput unit, 

mm that bioEng.ne are also linked. The result is a very complex multidimensional network of compose 

Tr^lTl? T'k" *!° matriX ^ ' UrthW reJSt ' n,n}{ Jnd * imula <™ h- *e program. For example, the 
ormula> that provide the values tor the encapsulated sets of variables and parameters refer to connected 

b.oOb,ec,s. both graphically or distantly, providing the capability of concurrently and dvnam.callv compute a. 

a .arge number ot processors arranged both in parallel and in series within that matrix. ' ' 

C IS 7^ S> ' SUfm ' 5 bdl u JVi0r '* de ' med by mathemjticaI component., represented bv a set of model d.f.erenrui 
and a gebra.c equations that provide the values of the system s variables and descr.be their behavior, together 
w «h the set or associated parameters tha. control the behavior of the variables and the svstem a, a whole The 
system s vanables and parameters are embedded and distributed throughout the svstem of connec ted structure, 
encapsula^ vvithin the subcomponents that define the system s architecture. The model can then be viewed a, a 
>el or embedded block diagram representations of the underlaying equations that can be used for dvnam.c 
quesnons * P redictK,n °»' "* Perturbations on the sy stem, and to ask whaMf type 

K The compartmentalized bioModels. and the methods attached to them, encode knowledge mat enables the 
program to reason about the containment of different parts of the model in several compartments while the 
architecture ot the network of linked bioObjects of diverse types is transparently maintained, regards or the 
transter ot the bioObject icons to different locations. They also comprise quantitative variables and 
parameters, some relating to quantities and rates translocation, distributed either within the correspond,™; 
rvwrvoirs and process or relating to time mtervals which may be associated with the time compartments all ot 
which have associated simulation formulas to compute their value,. In addition, the modeler can define evnert 
rules to monitor the values of those variables while the simulation ,s running and to either set other value* or 
control the course of the simulation m a variety or ways. The expert rules can also reason about t.meor abou. 
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. events resulting from the simulation. Inference using those type* of knowledge may direct further actions » ^ 
■-xecuted bv the svstem. 

, The visual interface further prov.des quick access to several automated methods for compiling retrain., and 
di Slaving the modular component, of the visual models as well as the ,ntormat,on and data thev contain. The 
svs»m integrates inferential control with quantitative and semi-quanftat.ve s.muhtion methods, and prov.de, 
a vanetv of alternatives to deal with complex dynamic systems and with incomplete and constantly evolving 
information and data. A number of functions and visual interfaces can be selected trom the menus •««»«■ 
with each of those icons or their components, to extract in various forms the information contained .n the modeb 
build with those building blocks: 
1 A function is provided bv the methods to create and display of interactive networks ot pathwat >. by 
programma.icallv integrate the components of the Virtual Modal into multidimensional network, ot 
interacting pathways, including branching and merging of pathways, cross-talk between pathway, tha, ,hare 
elements, and feed-back and forward loops. . . , . 

' A function is provided bv the methods to perform complex predefined queries that combine enter.* related to the 
" structural composition or the bioEn.ities involved, the position of biol Vote downstream or upstream ot the 
bioPool taken as reference, the role that those pool of entities play in processes, the location of those pools and 
Process in the discrete time and space compartments, or any combination of them. 
- A function i* provided bv the methods to dynamically simulate their continuous interactions, modulations and 
translocations to other compartments, and the t.me-dependency of such interactions, optionally using the 
encapsulated absolute-valued or scaled-valued parameters and variables. 
I The examples provided to document the current implementation of this invention focus on modeling biochemical 
reuulatorv processes that are relevant for intracellular or mtercellular >ignaling. This is however one ot the 
manv r^tentul applications of the system ot this invention, and it should not be construed to l.mit the 
apphcabilitv of this svstem to the numerous other applications that involve complex systems in any other 
domain, which can be developed by minor modifications or additions of the system using the methodology here 
presented. 

K There are numerous other uses of the core system, methods and visual interface of this invention, in addition to 
the monitoring and control applications described here. Of particular interest is the modeling and simulanon or 
disease specific conditions and the testing the effects -both desired and unwanted side etrects- or potential 
therapeutic agents. This invention also allows to analyze disturbances such as potential environmental or 
biological inducers of disease in both physiological and pathophysiological models. The methods included m 
thi< .m ention can in a similar wav be used in a variety of applications, including but not limited to: simulation 
and prediction ot experimental results; interactive drug design; study ot drug sioWtects and multiple drug 
interactions; simulation of interactive causes in the induction and progression ot disease, mclud.ng both 
biological and environmental factors; diagnost.es and clinical decision support; therapy planning; theoretical 
research: and numerous other applications. 
L The foregoing and additional objectives, descriptions, features, operations And advantages of the present 
invention w.ll be understood trom the following detailed des,n P tu.n of the preferred embodiments in 
combination with the accompanying figures 
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IV. BRIEF DESCRIPTION OF DRAWINGS 

to us'e A? vi^fTl '.TJ :' , r S,rati0n fJ" - Vari ° US <™PO n ««* in '«8ra«ed in ,h. system of this invention 
to use the virtual models for control functions. 

FIG.2 is an schematic representation of the organization in the system of this invention of the 
components of the virtual models in the domain of cell biology. 

FIC.3 is an schematic representation of the organization in of domain-specific processes in disoet* 
space compartments an time compartments. processes m d.sciete 

n^iL !S T h T' l l C T <r nsentation <" th « "«Hing of the dynamics of the progression of 

FIC.S is an schematic representation of the multiple lavers of linked pools of entities and „roc« ss « 
the result In the multidimensional pathways characteristic of this invention. P 
FIG. 6 is a more detailed representation of how the various iconic components encaosulated in .h„ 
re S nZ eSen,m8 P ° 0,S °' <mi,ieS - d - »"« * *. current J^Z^L 

""sou^r^rr 

"plls and output" repre " n<ati °" - «» iconic components of a poo. of entities and its 

FIG.9 shows domain menus that allow different types of access to different tvoes of „ m kt.- < 

"^".„ •«-•—*»• «-»— - . p— ,„„s ing .„ „ 
™^^t:.: h c"„" - """""*• ,h - con """*" B * *■-* - "■ * * 

FIC.17 show, ,„mp|„ .( <,,„„,„, ^i.,,,, o( p,,^,,, mo ,^ 1 , ar comp<1 „.„ u 

^JLni"" * X "" I> " ' """" """*""" "™""" "» h "» ■"">»"• 

FIG.1» shows > pjl.ii, wilh .« m pl„ .1 pnMu mod.l.blocks. 

FIG JO shorn i p.l.it. with . unp l„ of prebutli composii. p TO ,„„. 

FICJ1 show, . pakit, with ,».mpl„ of prebuili nacunts. 

SSta^^;^ imeraCtiVe ' y eS,ab,iShi " 8 HnkS «« -u.t in 

FIG.23 shows a palette with examp.es of pr.buil, composite domain-specific compartments. 

fhiTcL f ' J 0,nain - s P ,cific compartmentalization of the components of , virtual model i„ 

h« case focus.ng on the s.ou.ntia. phases of a cel.'s cycle and on its subce,.u.ar comparing 
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FIG.26 describes a domain-specific characterization of the compartmentalized model from an 
external point of view. 

FIG.27 describes a domain-specific implementation of an evolutionary tree representing the 
alternative successive states that a compartmentalized model may follow depending on the events 
that depend on their internal processes responding to the environment, from an external point of 
view. 

FIG. 28 is an schematic representation of the combination of the inference and simulation 
capabilities used in this invention to simulate virtual models of complex systems. 

FIG .29 is a detailed representation of how in this invention pools of cells interact with pools of 
molecules as reactants of processes which products are either molecules or cells in a different state. 

FIG.30 describes an example of the predefined Query Panels and their use. 

F1G.31 describes how a user can request from any process within the virtual model the dvnamic 
generation of the pathways of all the processes that are either upstream or downstream fro m that 
process. 

FIG.32 describes an example of the predefined Navigation Panels that the user can request from 
any reservoir within the virtual model for the dynamic generation of constrained pathways of all the 
processes that are either upstream or downstream fro m that reservoir, but which are contained 
within a compartment selected by the user. 

FIG.33 describes an example of the predefined Simulation Panels that the user can request from 
any reservoir within the virtual model the dynamic generation of constrained pathways and for the 
control of the dynamic simulation of the kinetics of those pathways. 

FIG .34 describes how such simulation can be followed by plotting the time-series of any of the 
quantitative values of any reservoir and process in the subsystem being simulated. 

FIG.35 describes an example of the predefined Experiment Panels that the user can select from the 
domain menus to request the dynamic generation of constrained pathways from multiple initial 
points and for the control of the dynamic simulation of the kinetics of those pathways. 

FIG J6 describes an example of such set of pathways from multiple initial points 



WO 96/22575 

PCT/US96/Q0883 



V. 



BEST MODE FOR CARRYING OUT THE INVENTION 



Notes 



1 The body of the present application has sections that m av contain some discus™ „, 

m.ermingW with discussion of innovative and specific di^S^ ! ^ ™ 

invention as presentlv contemplated. To described olllrZ Z J *** * ™ ^ pri ° r art in thl > 

discussion the capabilities offered bv the shtS u-d a 7 7 emUxl,ments - ™***ry to include in the 

invents (hereaL ref^t « Shdl< ! \H ^^^P^^ framework for this 

those sections do not neces^nlv delimit vario^ *" mad « in anv * 

are included to facilitate the pie* ^ tolpb ^Z ^ ^ ^ PreSem ^P""" 0 "' ^ 

currently preferred embodiment of this invention as descriSn ^ !k ""'he Cla,ms section. The 

definitions a particular Shell: Cm^^at^lX^^^^ '* °" 

A. Mon„ oring d Comromng , he Operation of a Rwtor usjng ^ ^PJ* — . 

*a«e„f the production system. tri^ennpev^ a ^trt. How 7 ""»«™ ** ™n,tor the 

The system implements rules that vva.t K, «tZ ? k "^^""^haracteristtc or each system, 
individual events, such as elected CuZl ^ * C ° m P l * x ««" Wnatoas of 

-ithin certain predefined ran* J i Zd ^the ^ "^""^ W Simulated Valu «- - * 

may fired o J rules o^XTn ^ S^^LT 1 ^'"'^ 7* $UCh 
-stem can detect the current status of J^^^^^^l I™" * ^ ^ 
certain values specified by the simulated values JT ^ variaW " ™ ch 

^teminco^,^^ This 
operation ot the production svstem or biofermemor Thic ,7. , P ,d " expm contR>l of " m * 

numerous operating variable; (such a.^ISSv or SyS ^.P^ Vidw ^ultaneous supervision of 

be intracellular or iretedUnd com P a«7em 21 ^ !* ^ systems can 

encapsulated mathematical models T^nZ Z^T^T " * *°" WSU,tin S '™ 

thecontro. system is able to co^^ZZ^Z^tT^ * 
-stop feeding someofthe previo^comp^ 

and data obtained in their M^^f^* ^ m ° d ? ^-"^manon 
direct incorporation of research J?Z^£T~ I"" P 1 *'^" 1 " fSL,UrC * S " alhw * th « 

-eparadi.Tc.one. Connect Tcon tai^Z^T J^T^ ^ bU " d ^ «««< 

provided. Cone the building bloc anS drop ^ ?J£Z ^ tnm P"*«~ 

aiding b.ocks in the model. ^^^Z^^ST 7™ *T ^ * 

Mock to establish rebtionships witSoth^ S^ta ZS? ' ^ *" W ^ 

into the system as attributes of objects either as ui- i™^ J- ^ m,om3tim and is entered 

blocks. The sc.enr.st building the moM cU^Z 12? ^ m m'"* 8 C ° mp0:ii,e pr «* uih buildin f 
modri. and establishes the links betvv^ 300^^ bu " dm « bloel * " n ^ «" «ch part of th. 
Omermrormat.on.suchasthen^erscE 

component are entered bv Z ^Zelrm me a^bTTT' " *" " °' P'™^ ^ ifk 

may be a variable. ' """^ Wtih wch ^ addition, an attribute 

- Variables in this svstem are themsdvi* nhiartc 1 _ . 

only one value which ^ZTol^Zi ^ 1 ^ «riabta, hav> 

procedure, or can be inferred ^^Z^TuA «™i " - * 3 ' imulMinn 

b» txvo.va.ued variab.es have nvo va JTln^m^ T 'T'" ^ * ' he mt>de, - ; l ' r 

--.ation bv , simulah on formula c.T.i^^^': o^^tT ^ ^ ^ J 

rule* or general formulas defined bv the modeler Jh T ^ , " y °' her nwans - sudl J * 
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;>ecause or their smaller footrrint. and their values are provided by default by generic simulation formulas that 
jre specific for each class of variable. However, the modeler can replace them with the equivalent subclasses of 
two-valued variables for each instance of a component where the variable is mapped to an external sensor, and 
when both the measured valued and the simulated value of such variable is desired. The modeler can also write 
specific formulas for any desired instance of a variable, which then overrides the default generic formulas. It is 
possible, through an v of the inference mechanisms to compare the measured value and the simulated-value, 
(either the current values or the mapped at some time point in the past, since the system is able to keep a 
time-stamped history of both types of values), and take specified actions when the inference criteria are met. 
Such actions include, but are not limited to: cause for a valve for a component feed to be more or less open or 
closed, activation or deactivation or whole branches of the model pathways being simulated. Such actions can 
alternatively be invoked as a result of comparing either the measured-value or the simulated-value to any 
predefined constant value or range of values, or the value of any other variable or parameter in the system. Or 
the action or set of actions could result from inferences involving any number of comparisons between 
measured-values or simulated-values for any number of variables, or any number of parameters, or any 
predefined constant vaiues. 

?. As shown in F1C.1, the system system of this invention is composed of: 

a) a reactor (102) which may comprise any combination of reaction tanks, fermentors, bioreactors, or other 
processing units: 

b) one or more data acquisition devices (108) which may comprise any combination of hardware and software 
devices, such as sets of sensors (106) that measure the amounts of selected chemicals in the reactor, signal 
transducers, filters, amplifiers, data acquisition boards, appropriate device drivers, or any other required 
devices; 

c) one or more computer systems (112) comprising CPU, memory, storage device, display, user input device, linked 
(110) to the data acquisition devices (108); 

d) one or more computer programs (114) and one or more computer Virtual Models (116) of pathways of chemical 
interactions and other processes in the reactor (102), wherein the computer programs (114) and the Virtual 
Models (1161 are used to quantitatively or semi-quantitatively simulate in real-time the Virtual Models (116), 
wherein the Virtual Models encapsulate one or more variables (118) that represent the quantities of certain 
entities in the reactor(102) and one or more variables (128) that represent the quantities of certain entities or 
that represent certain events which when reaching certain values during the simulations of the Virtual Models 
(116) by the computer programs (114) trigger certain control actions that affect the operation of the reactor 
(102), and wherein both the computer programs (114) and the Virtual Models (116) are loaded in the memorv ot 
one or more of the computer systems (112); 

e) one or more monitoring interfaces (120) loaded in the memory of one or more of the computer systems (112), 
which act as bridges or software interfaces between the data acquisition devices (108) and the computer 
programs (1 12) and allow passing of values (124, 126), such as the values of the amounts of certain entities in 
the reactor (102). as measured by the corresponding sensors (104), to the corresponding variables (1 IS) 
embedded in the Virtual Models (116) that represent said amounts; 

f ) one or more controller devices (1 38) which regulate the operation of the reactor (102), such as controlling the 
flow of certain inputs (142) to the reactor (102), wherein the controller devices (138) are linked (136) to the 
computersystems<112); 

g) one or more controller interfaces (130) loaded in the memory of one or more of the computer systems (112). which 
act as bridges or software interfaces between the computer programs (114) and the controller devices ( 1 38) and 
allow passing of control signals generated by the computer programs (1 1 4) as a result of the values of any 
combination of any number of variables (128) embedded in the Virtual Models (116) reaching certain values. 

b. F1C.1 also shows the directions of flow of data and control in the system of this invention. The amounts ot 
certain entities, which are specific for each particular process design, are captured (104) by the corresponding 
set of biosensors (106) and, through the data acquisition devices (104), those values are passed (124) to the 
monitoring interface variables, which in turn pass those values (126) to the corresponding variables (11K) in 
the Virtual Models (116) that represent those values. Those variables (118) are integrated with many other 
variables and parameters embedded in the Virtual Models (116) during the real-time simulation of the Virtual 
Models (116), including other variables (128) embedded in the Virtual Models (116) that represent quantities, 
rates, or other events, and which are monitored by the programs (114) during the simulation. Whenever dunng 
the simulation the values of any combination of any number of said monitored simulated variables < 1 28). which 
are specific for each particular process design, reach certain values, then the programs (114) pass contml 
signals (134). through the appropriate control auxiliary structures (132) in the controller interfaces (130), 
which are forwarded (140) to the controller devices (138), which in turn control the flow of inputs 1 142i and 
regulate (144) the operation of the bioreactor (102), which is being monitored (104) in a continuous manner 

10 
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£7"* th « P«*™" to send or receive values over ^ inter^ ^ ° ' """""^ ^cations. 
130) are separate processes wh)ch ^ J ^ The program (114) and ,he interne, (120. 

communications link, such as a TCP/IP or DECne^Z, , 7 c ™P"ters. In the later case, a 
£ -nous internes ..m-U^^^^^ The p^ram can 
bemeen se.ected variables embedded ,n the objects J^ZIT^ 1 Tu m as a bnd «* 

varmy of real-time contrX)1 :"^ e ' more < of this invention allows to integrate a 

support for process control. ' * mode,s * the automata d"TsL 

y The knowledge-based Virtual Models include model-based ™ - u 

pr.Ke.es on the reactor. This mechanisHc applrf ma \^X * *»*y™«* Sav ior or 

-cludmg those measured and mon.tored ^IZZ^LTt ™ °'' Varii,bto » * «"**<•"*. 

Model, which are both used as inputs tor ^ZZZSZJT*" " Vi »»' 

other specitied va.ues. and which meeting the spS 22£ * """^ ^ Mch oth " «* ^'"st 
operate on tn<f reactHr . The v ^ p^.^jT * ** ™ U in COn ^' 

processes Hut happen inside of the reactor, as at d ^ £ 1 ? ? "* < " Mnli, " th * d «*"P'i*n of 
-me case, the reactor may contain chemicals in tLui^ZS I * PartlCiPamS " >" 
membranes, in other cases, the reactor mav contain Z ° ^ SUch as »™<*«' 

othercases. the reactor may contain cells or S^lT^ ***** ^ m °* * xtrac,s ^ in 

env,n,nmen, the cu.ture medium, where ^Jl^^T^^ T °* Br " d ™ n 
reactor. The system of this invention provided capabHmt o n *** "«" aet Hi * ° ,h " 

^^^^ 

-stems mode.ing to handle mu.H-dimensiona. SSSf S3? ?f ^ 

tempore uiterenang. and dvnamic real-rime mortZ^L , T* "* kntn ^«W*-«d reasomng. 

-P-es the representation of the P^Z^^TtZ , T' """^ "" his ™m,n 

construct spec.nc and .nteractn e mL»^£2£Z£ ^ * a > - ^ to 

^hemica, domains. n.^ tim ^^^^^^^in^^^ 
appl,cat.on.,ndependent tools, graphical interface and , Va " e,VO ' d«ma,n-specific. 
extract, .nteractive.y or automatical T^^TZ *° P™* 6 UWS "pabilHv to 

Mid by the modeler, and to further uJeto^^ I^S^^ *™ 

processes and explore those processes and their pate J£J ^Z r T * ^ « 

The computer system comprises a p.uralitvof ^ 

ob^ts. some of them representing either entities or ™£T s * methodi " Jnd d,ver * «« 

represent other auxilian- structures wh^ 

"biect-class h,erarchies and wnri^h^^T^^ t00 ' S °*«"» in 

-dividual instance of a class, or a ^inXtut of in 1 ^ aSSOCia,fcd U '' th a C,ass °' '^ects. on 
knowledge-based generic bioa^tsTeZS as tn^ H T'" ' C ' JSS - Libra "« l " P^ui. 
-ys tocreate diverseand new ^^i^^ ^ d — l — ^ed i„ P rescnbed 

^ ^e-ba^^ 

^-natterre^toasa-deve^ 
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application-dependent models, or expanding the libraries of prebuilt bioObjects, is hereinafter referred to as 
"modeler", and the person that extracts and uses the accumulated knowledge and runs simulations, is 
hereinafter referred to as a "user", 
b) text expressions are case insensitive, and what is referred in the description as bioObject or bioProcess, mav be 
referred to in the code as bio-object or bioprocess, or the names may appear in the code in low case or all 
capitalized; 

c> a window refers to a display of the program on a computer screen, while a workspace refers to one of the manv 
containers of objects that may be displayed within a window, and the suhworkspace of an object is the 
workspace (only one) that may be associated with that object and may contain the components of that object 
(composite object); 

d> the selection of a menu option is equivalent to clicking on that option, and both expressions are used in the 

following description of this invention; 
e) expressions similar to "selection of option A displays B" is a short form meaning something similar to "selection 

of option A causes the invocation of the action or procedure specified in the definition of option A and, as a 

result of the execution of such action or procedure, B is displayed in the window from which option A was 

selected' 

13. The preferred embodiment of this invention integrates a variety of knowledge representation techniques, as 
required for creation of virtual models of complex systems. The accuracy and validity of knowledge-based 
systems correlates not only with the qualify of the knowledge available to the modelers but also with their 
ability to understand, interpret and represent that knowledge. The object-oriented approach provides a 
powerful knowledge representation of physical entities (such as organs, cells, DNA, enzymes, receptors, 
ligands. mediators, or ions) and conceptual entities (such as processes and cellular interactions, quantities and 
rates). In this system, data and behavior are unified in the objects. Two characteristics of object-oriented 
environments, encapsulation and inheritance, are very important for the design and implementation of the svstem 
of this invention Objects are defined following class hierarchies in which the definition of each class specifies 
the types of attributes characteristic of all subclasses and/or instances of that class. Encapsulation permits to 
hide the details behind each object, and encapsulation is implemented in two different forms; a) at the attribute 
level, is the standard form of encapsulation of object-oriented approaches; and b) at the workspace level, a 'less 
common form of encapsulation related more to the iconic approach. Multiple levels of workspace encapsulation 
are supported, allowing modules with a multilayered structure with increasing levels of detail. Since the 
suhworkspace is not inherited through the class hierarchy, neither are the components. However, once a generic 
instance for a class is completed with components in its suhworkspace, it can be added the corresponding 
palette as a prebuilt building block, and the resulting composite object can be cloned, in which case all 
encapsulated levels of subworkspaces are also cloned. The interpreted domain-specific framework approach is 
easy to use and allows rapid building of iconic models. The domain-*xpert knowledge is represented in an easv 
to understand declarative from, separated from the methods that specified how that knowledge is used bv the 
program. The iconic approach allows the user configuration for building of models to consist pnmarilv oi 
connecting iconic objects and filling out their tables of attributes. The visual framework enables reasoninu 
about the interactions between objects and their compartmentalization. This graphical programming capabilm 
is particularly important because it allows the connnuous expansion and modification of the svstem. necessars 
tor this type of applications, by scientist modelers with no programming skills. Its modularttv allows to delete, 
modify or create parts of the system without affecting the operation of the rest of the system. The knowledge can 
also be extended and reused under different contexts, and in different new applications. The same hierarchic 
architecture used to develop the bioObjects can be extended by the modeler to expand the libraries of bioObject? 
creating new objects or by cloning, configuring and modifying existing ones. With its iconic format, the system 
can De easily browsed and understood by the user. 

14. The principle followed in the design and implementation of this invention is the breaking down of the 
knowledge about entities, processes and pathways down to smaller functional units, to a level where the 
following requirements can be met: a) allowing their repeated use a>> building blocks in a varietv of situation*. 
b) allowing access to the structures and processes that are susceptible to control and regulation; and ci keeping 
the number of units manageable. Those functional units, hereinafter called composite bioObjects. are further 
broken down into operational and standardized knowledge and data structures. These generic but 
domain-specific iconic objects add flexibility and allow the user to open the tables of individual instance* u> 
input data, modify existing bioObjects, or create new types of bioObjects. Following such principle, the system 
of this invention comprises a variety of domain-specific knowledge structures, all encoded as objects, which are 
either: a) iconic bioObjects on workspaces, b) standard graphic user interface objects such as button?, data 
displays or input panels, o non-iconic obiects which are either pointed to as attributes ot other objects, sixh o« 
Jomain-speciric variables, parameters, lists or arrays, or d) methods, which refer to the bioObiects or their 
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3 ^^^^^^ ^ ~ " d can be 

user interface objects or invoked D^aml* *" COm P° nen,s «" "™ *• standard graphic 

those types of knowledge struck ^ intatl l^T """^ * Hllieh *• ^^tion of 
system to compute and h, reason ' d ' St " buted form ' *• data and the knowledge that enables the 

external source' -nd/orSZ^S^^-^" ^ * thede ^r. the modeler, anv other 
structures are used bv theTelto t^ST*^""' °" *~" eBndilion * ,he "«*hto 

- propagated and ^f^^^' KSf^ ^ ^ jJ1, ° rmah ° n a " d '" contn, 
discussed with the description in metction^^ 

mode,s. libraries of composite bioObje^ Z ph £' ^ T "^"'^ " *• iconic 

organization of the svstern obiectTtnt nvL„* T * methods ' and th « we "» 

-grates the ^J^^^^^t T *« "« *»v 

and dependent variables, ^TZ^TZT^T *** ^ ' "* <* s,a * 

dynamic simulate. bm ak ° ,ncor P°'-ate S temporal reasoning and generates 

<**«. ft. com,**™. m«,,i.io„"Zr^Z!^ »« ta»»l-l«.>wct»n» n*™*, „ konic 
^o~— 

b, ~ m o^^ 

inputs to and outputs from Z iZ ^ ^SET ? ' " ' ^ ^ *" P« 

« the interactions between fracHons o/dSerenT3h JZ " hewnatt « r cal * bioReservoir; 

their trans,tions from one n^u7^i^^T °! ^ °' m ° 1<iCU,ar C ™P— « 

bioProcesses. ,SCrete com P^ment to another over time, hereinafter called 

d) the organization and integration of network* «* ,,,»k, 

NoIWsses organised S^l^^^^^? 1 ?>«°»™« ^» and 
further organized in discrete location and t^e on oa^, ^ ***** b * 

Phasesofmecellcyc.erespect^^ 
»nglece..s. AH those n^o^p^^ 

and detail in a hierarchy ois^o^^ DK>MOdt!l iul ' cl —t different levels of complexity 

bioModel. and others E«hTstance > cal ^ W*"*"*. 

which can be inspected in the tabl o t^bu, "aSS *' *• 

attributes define configuration information whlZh T ^ i( *' ith ,h « 

onhe object, and stil, o'thersho.d^^ 

status. The value of some attributes or an s^ZTZ' H " "l™"" Va,U ** hist ™«" ««• 
modified at runtime. ' ' " Ch M ,h * vanaW " and P^anteters. can be d.vnamical.v 

tormulas or procedures. Mode.-ba^d kr^v^e Znt ^ ^ *" ,he fl>rm ^ "•»«. 

and behavtoral models represented bv mJJZ^ JL^T ^"P^' 3 ^ *• structural , functional 
qualitatively by the locaLs connections ancTrl ^ ^ * Meh - Thos * virtual m.xiels are denned 
encapsulated mathematical m„de,r^^^^^^ 

distributed thmugh the d^n^lSS^I^r VarbW " ,hi " dWinW mod ^ s are 

and functions re.ate those data S^IZ^J^" ^ T^' formula, 

tntegratespropagationofvalues l n f^J^^^^T M ^ PU ^ tynmn - TheS >' Stem 
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■t-,h^~ 
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class is interface, which value defines the interface that will provide the current value for such variable. The 
vaiue for such variable, the same as for any other variable in this system, can be set to be evaluated at set 
interval*, or it can be set to its value having a value that expire after a set validity interval. When the inference 
engine seeks the value of said variable, either at the preset update intervals or when such value is needed but 
has has expired, a request if set to the specified interface to provide a value. Such variables are registered in the 
interface. After the interface is set-up, when the start_interface function is called by the program and the 
connection established between the interface (107) process and the computer program (115) process, the 
functions executed by the interface comprise: initialize.context (initializes the connection between the program 
and the interface), pause_context, resume_context, shutdown_context, receive_regisfration (called when the 
program seeks to map for the first rime a variable to an external data point); receivejieregistration, 
poll_for_data (checks periodically which registered variables need updating, retrieved data values available, 
packages the data into the data structure used by the return functions, and sends the data back to the program 
(115); get.data (called when the program requests data service for one or more registered variables); set_data 
(called when the program executes one or more set actions within a rule or procedure, it sends a request to the 
interface to set the external data point to which the registered variable is mapped, it also may call interface 
return functions to change the value of the registered variable after its corresponding value in the external 
system has been changed). The interfaces perform also many other functions related to passing objects and 
messages, checking data types, and several other An functions. 

1 V. In the current implementation of this invention, methods such as procedures, rules, formulas and relations, 
defined in a structured natural language, may apply to a single instance or a group of instances, or to a class or 
a group of classes, and they may include references to connections and to connected objects. Methods mav refer 
or apply to the values of attributes at different time points or to the behavior of variables or parameters over 
time. They can perform in response to: a) given events or conditions, b) at predetermined time intervals, or c) 
upon request from other rules or procedures. Methods can be executed in real-time, in simulated time, or as fast 
as possible, implementing different strategies concurrently and over extended periods of time. Arithmetic and 
symbolic expressions can be used independently or combined, and dynamic models may include from non-linear 
differential equations to logic expressions to simulate both analytic and/or heuristic behaviot . 

20. The following sections will also discuss various of the innovative teachings of this invention which refer to 
methods and tools used to retrieve and display the stored information and data, encapsulated in graphic and 
interactive models of complex molecular mechanisms and pathways, allowing to: 

a) interactively navigate through those pathways; 

b) perform queries that refer to: a) the functional modular structure of the bioEntities involved, b) the position or 
bioPools downstream or upstream of the bioPool taken as reference, c) to the location in cellular compartments 
of the processes in which those bioPools of bioEntities participate, d) any combination of the previous three; 
and 

c) dynamically simulate the kinetic interactions between the bioReservoirs and bioProcesses, to mimic the 
regulation and function of cellular systems. 

-I . The system of this invention can be implemented layered on top of any advanced real-time object-onented 
expert-system development environment or shell that support the methodologies described throughout this 
application, or it can also be developed in total or in part from scratch, parting from any combination of 
hardware and software platforms, either already existing or developed for this or other purposes, that provides 
the capabilities and means required for this implementation. In particular, and for the purpose of illustrating a 
preferred embodiment of this invention, this system is currently implemented on the Version 3.0 or Version 4.0 o: 
C2 Real-Time Expert System (C2) shell, an object-oriented development and deployment system produced by 
Censym Corp. of Cambridge, Massachusetts, and hereinafter referred to as the "Shell", which supports dynamic 
simulation and temporal reasoning. While many of the underlaying capabilities referred to below are common 
to other static or real-time expert-system development environments, some capabilities may be currently specific 
for C2. but equivalent capabilities can be expected to be dev eloped by others. This Shell currently runs on 
several UNIX -based platforms, and it is being extended to Windows NIT. For detailed information about the 
underlaying capabilities of this system. Censym Corp. should be consulted. Among the the generic, 
domain-independent, tools and capabilities provided by the Shell, are: 

a) a proprietary structured natural language, supported by a pop-up text editor, for encoding the object definitions 
as well as rules, procedures, functions, relations, formulas and values; 

b) a graphical language, supported by an icon editor, based on a visual representation of connected icons, and the 
capability to associate workspaces with objects, which allows the organization of knowledge at different 
levels of detail in objects within objects, each represented by icons. The Shell also allows to reason about those 
iconic objects, their connections, and their locations in the workspace hierarchy. Distant connections can be 
also maintained, and reasoned about, between objects in different workspaces. 
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censors through the appropriate interface, and the simulated value. The non-simulated values may be set to 
expire after a desired period of time, so that the inference engine seeks a new value when needed. Different part 
of the simulation may run at different times, as desired. The time interval for a simulation may be specified at 4 
different levels, in the following order of priorities: each variable may have its own update time; each generic 
simulation formula may have it own time increment, which applies to the group of variables to which said 
generic formula applies; the simulation-model has its update interval which applies to all the vanables included 
in said model; and finallv, the whole knowledge-base has a default simulation time increment that applies when 
none of the other have been specified, 
a .) The current implementation of this invention allows the inclusion of fuzzy-logic statements, such as if ( y < r> 
(♦-3) ) /= ( 7. > 4 (*-2) ). Fuzzy truth expressions are available only in the inference engine, rules, and 
procedures, while the simulator only uses discrete values. Fuzzy operators comprise, is more true than, is less 
true than, is not more true than, is not less true than, =, and /=. The fuzzy truth values are assigned to 
expressions with a fuzzy truth band in parenthesis, such as: the concentration of receptorl > 0.8 (+-0.2). The 
truth-threshold is set for the inference-engine as a whole. For example, if said threshold is set to 0.7, for the 
antecedent of a statement to be true it must be greater than or equal to 0.7. 
b) The current implementation of this invention allows the sequential addition of inputs to the reactor, at a time 
and in amounts that are appropriate for the current status of the biochemical processes within the reactor. In 
the particular example below, it is expected that the concentration of receptorl expressed on the cell surface, 
which is available for detection by the receptorl -sensor, is induced at some point by some other internal events 
that happen inside of the cell. Such internal events are the result of complex interactions, in turn induced by the 
occurrence of some combination of previous events, including those events induced as a result of some prev ious 
addition of some other ligand. or any other chemical or combination of chemicals, controlled by one or more 
other pumps controlling inputs to the reactor. This fine control based on the knowledge about the mechanisms 
involved, avoids, for example, to add costly ligandl to the reactor at a time when the cells are not ready to use it, 
with the likelihood that it will be destroyed by other enzymes, and the risk that it will not be anymore active 
when the cells become ready to make use of it at a later time. It also could prevent that ligandl may exert 
damaging effects to the cells when provided when cells are in the wrong state, as it has been demonstrated for 
various compounds that induce programed cell death when signal from said compounds are transmitted to the 
cell in the absence of other required signals. 
24. An example of control statement using fuzzy-logic: "if the average over the last 3 minutes of the concentration of 
receptorl > 0.8 (*-0.2) and the average over the last 3 minutes of the concentration of ligandl < 0.? (*-0.1 ) and 
the average over the last 3 minutes of the flow-of-pump-Ll = the flow-of-pump-L1 then conclude that the 
flow-of-pump-Ll = the flow-of-pump-Ll * 1.2 and call adjust-flow^.>f-pump(flowHif-pump-Ll)', wherein: a) 
the concentration of receptorl and the he concentration of ligandl are variables coupled to the corresponding 
sensors for those substances in the reactor, which are monitoring devices external to this system; b) the 
statement "the average ov er the last 3 minutes of the flow-of-pump-Ll = the flow -ot-pump-Ll " prevents 
additional changes in the flow for an specified period of time, to allow the system to adjust to the last changes; 
and cudjust-flow<»f-pump( flow-of-pump-Ll) is a remote procedure call that activates the external device that 
controls the pump controlling the delivery of ligandl. while pa»ing the value of the variable Aim n>t-pump-Ll 
to it. 

a ) In an alternative implementation, the biol'ools of the components that regulate critical cellular events, or ot 
those that are monitored in the reactor, may have an additional attribute defined as a fuzzy logic parameter 
which value can then be accessed by different monitoring/control statements. Fuzzy values may take values 
from -1 .000 true (certainty of being false) to 1 .000 true (certainty ot being true). The value of said parameter 
could be provided bv a rule, or by a generic or specific formula defined by the modeler, which is dependent on 
either the measured or simulated value of the corresponding concentration vanable. as preferred. For example, 
said fuzzv attribute mav be called availability", and its value could be provided by a rule, such as ' if the 
concentration of anv substrate S > the Michaelis-constant of $ / 2(— the Michaelis-constant of 5/2 ) then 
conclude that the availability of S is true' 
• This means that whenever the concentration of any given substrate is greater than or equal to ot u> 
Michaelis-constant, with the truth-threshold set to 0.7, then said substrate is considered to be available 
(availabilitv is 0.7 true) under this setting. If the concentration ot said substrate is >maller than ot its 
Michaelis-constant then it is considered to be not available (availability is less than 0 7 true), and if the other 
conditions have been met, it would cause the flow-of-pump-5 to be increased. For example, the 
monitoring/control rules would refer to such fuzzv- logic variable? being true or false, and would allow the 
modeler to modify the rules for single or gmup*of hioReservoir>. without the need to modify the control rule?, 
such as: "if the average over the last 3 minutes of the av ailabilitv ot receptorl is true and the average over the 
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Oncostatin M and IL-6 are present". This statement and its graphic representation combine knowledge at very 
different levels of detail, equivalent to the way human mind can abstract knowledge. For instance, it deals with 
both molecules and cells as cell-entities as if they were similar types of structures, when in reality that is very 
far away from the reality. Cells are composed of thousands of different types of molecules. In some cases, the 
overall pathway within the cell can be known to some extent while in others the mechanism of a biological 
response may be totally unknown. 

4. The system of this invention can be described in very similar terms. On the one side, bioPools of cells and 

molecules can interact with each other, in any combination in a variety of bioProcesses, as shown in FIC.32 and 
described in more detail later. On the other side, as schematically shown on the right side of FIC.2, the 
components of each type of cell can be modeled and analyzed at increasing levels of detail, as contained in 
vanous layers of bioModels (202 - 212, 216-217), until at the end of the layer hierarchy, the single bioProcesses 
(214) are represented, and their associated bioReservoirs (215), which point to their associated bioEntities <not 
shown). In general, the signals transmitted by the cellular signaling or regulatory pathways progress within 
each cell in repeated cycles, driven by external and internal events, and sometimes time in a synchronous wav, 
and they may extend from cell to cell, some times activating the producer cell as well. An typical but simplified 
high-level example of a cellular signaling pathway driven by a certain agonist, such as Oncostatin M, is shown 
in FIC.2 as: agonist (201) -> receptor activation (206) -> signal transduction (207) -> gene transcription (208) -> 
mRNA processing (2W) -> protein synthesis (210) -> secretory protein processing (21 1) -> transport -> 
(receptor activation). By clicking again and again on objects at each level, one can focus on specific areas at the 
desired level of complexity. In the one example shown in FIC.2, this multiple encapsulation process has been 
abstracted. It illustrates a cell-bioProcess in which, after a cell (202) has been activated by Oncostatin M (201), 
the secretion of interleukin IL-6 (203) is induced, but only after the sequential activation of numerous biological 
processes (bioProcesses) (214) , involving numerous pools (bioPools) (215) of biological entities (bioEntities), 
contained in bioReservoirs, which are encapsulated in this simplistic example within lower-level bioModels, 
each representing one the major group of steps of the pathway mentioned earlier (206 through 21 1 ). Clicking on 
any of these bioModels. such as DNA-transcription (208) or secretory-protein-processing (211) displays their 
subworkspaces (212 and 216 respectively), which may in tum contain a set of other bioModels (such as those 
superior to 213 and 217), and the process can be repeated any number of times, until reaching bioModels 
composed of sets of bioProcesses (214), and their related bioReservoirs (215). 

?. To represent biochemical systems it is necessary to refer to the characteristics and current state of single 
entities, and at the same time to refer to populations of entities with similar properties. In a small application 
tor molecular genetics, Karp (198°) was only able to represent and implement the overall system either as a 
network of molecules interacting in a pathway or as a network of variables quantitatively representing the 
processes in a pathway, as separated systems, but he was not able to integrate both, the description of 
participating entities and the quantitative processes. This integration is one the teachings of this invention. 
Furthermore, contrary to the system of this invention, his representation was static and did not include temporal 
reasoning, having all processes represented as instantaneous reactions. 

*>. F1C.3 shows how the intermediate submodels are preferentially organized in two types of superior 

compartments of a cell represented by the different subsequent cell states represented by the cell-phases (302 
through 308), and within each of those the cell-compartments (309 through 316) that represent the different cell 
organelles. While each of the cell-phases contain a detail description of large numbers of components, as 
encapsulated in the different sublayers, it has in addition a set of characteristic parameters and time-variant 
attributes (317 through 320) that can be used to model the progression of a population of cells through those 
compartments. That concept is schematically represented in FIC.4, where some of the cells of that population X 1 
may keep cycling through those phases, as represented by the bioPools of cells in each phase: Co (404). Ci l 
(406), C. : (409), S (411), G: ( 413), and M (416), if some specific and required conditions are met, as specified 
by their corresponding transitions represented here by the translocanon-biol'rocesses (405, 408, 410, 41 2, 41 5. 
and 417), or they can exit the cycle if other set of conditions are met <407) and differentiate to another related 
cell type characterized by different functions and therefore a different cell cycle (41)2) or if yet other set of 
conditions are met (407) they may dye by programmed cell death or apoptosis (41 4». 

". A cell-bioModel is represented as a set of bioReservoirs and bioProcesses, systematically organized in the 
subworkspaces of other bioModels contained in such cell-bioModel. which represent each a separate 
compartment in time and location, and within those, sets of biologically related processes or pathwavs. At a 
higher levels of organization. bioProcesses connected to bioReservoirs of ceils or cell-interactions, are 
organized into bioModels the represent organ compartments, which in mm are organized into organs, and 
which in turn are organized into into physiological systems. Different cell -bioReservoirs contain either 
populations of different cell subsets or populations of the same cell subset in different stages or in different 
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jbsence. from a detauh value set bv the developer. The arguments of the variables of these basic knowledge 
structures are the ourout values of certain other variables and/or parameters that are attributes ot either: a) the 
same bioObject instance or b) instances of connected bioObjects of different classes. For instance, an argument 
for the Consumption-Kate of some bioReactants (503) and for the Production-Rate attribute of any bioProduct 
(505) is the \ alue of the Velocity attribute of the connected bioEngine (504), while the values of the 
Contribution attribute of each bioReactant may be arguments of the Velocity attribute of the bioEngine. 
Furthermore, the Production-Rate of some bioProducts (506) and the Consumption-Rate of some bioReactants 
(507) are arguments for the Input-Rate and the Output-Rate attributes, respectively, of the bioPool (501 ) to 
which they are distantly connected, while the argument of the Contribution of any bioReactant (503) may be the 
value of the Concentration attribute of the connected bioPool. Told in a different way, note that: a) the flow of 
data between the bioPool and a bioReactant is bidirectional, involving two variables in the bioPool and two in 
the bioReactant, b) the flow of data between a bioReactant and the bioEngine is bidirectional, involving two 
variables in the bioReactant and one in the bioEngine, c) the flow of data between the bioEngine and a 
bioProduct is unidirectional, involving one variable in the bioEngine and one in the bioProduct, and d) the flow 
of data between a bioProduct and the bioPool is unidirectional, involving one variable in the bioProduct and 
one in the bioPool. The reversibility of any binding can be represented in two alternative ways: a) implicitly 
reflected in the output of a single process, which is the balance in the predominant direction (as represented by 
the specific or global kinetic parameters), or b) explicitly modeled as two separated processes in the forward 
and reverse direcrions. 

1 1 The value for the basal-concentration, basal-density or basal-scaled-amount parameters of each population 
reflects the physiological steady-state value, when the rate of change is equal to 0 or equivalently when the sum 
of the inputs equals the sum of the outputs. The bioPools representing synthetic agonists, antagonists or 
inhibitors, such as drugs or toxic substances, have a basal-concentration of 0.0, have no modeled inputs other 
than the user-entries, and therefore the I inputs = entry value, at the compartment where it is first introduced. 
However, it can have several modeled outputs, including the participation in modification-processes and 
translocation-processes, in addition to the decay term that represents diffusion, degradation and dilution. It is 
further constrained in that the | As|*(u*I outputs) fi [entry]- Concentrations are used in general w.thin classes 
of bioPools representing soluble entities. However, as it is found empirically in biological sy stems, most most 
entities are associated with membranes, with large polymerized structures such as the cytoskeleton or the 
extracellular-matrix, or associated with one or more other macmmolecules forming complexes. This means that 
the concentration of those bound entities is less relevant than the actual amount of those molecules that are 
available in the appmpriate compartment at a given rime, and therefore the term density is used to represent 
units per compartment. Furthermore, most simulations of biological systems are more meaningful in terms of 
relative amounts or ratios among the quantities of interacting or regulator)' molecules, and therefore the 
alternative variable called scaled-amount is provided for each bioPool. which is dimensionless and therefore do 
not require units. The values of the Velocity of the generic bioEngines. as provided in the palettes, are computed 
using the default generic simulation formulas associated with the subclass or parameter or variable associated 
with it. which bv default are dependent on the values of a set of scaled variables and parameters The user can 
however replace them with instances of other velocity-pvar subclasses from the library provided (FIC.l 1 1, each 
with its associated generic simulation formula based on absolute values (Table 85), depending on the subclas*. 
1 2. Live and growth depends upon closed cycles of mutually dependent interactions. In a constant environment, the 
proportions of the various constituents settle down to constant values and a steady-state is reached. The 
steady-state correspond to an optimum state, since the lack of such balanced state would lead to rate-limiting 
steps. When die environment changes, those proportions move towards new values to achieve again optimum 
growth in the new environment. The principle underlaying this system's dynamic modeling is the network ot a 
combination of state and dependent variables, encapsulated within the structure of the bioObjects contained m 
the specified bioModel. The bioObjects provided are programmed by default for steady-state modeling. A 
dynamic simulation is initiated after the introduction of desired perturbations or initial conditions by the user, 
and the input data initiates a forward chaining which involves both control and data flow from b.olWrvoi^ 
to its connected downstream bioProcesses. and from these to their connected downstream bioReservoirs. moving 
along the bioModel's pathways. Inputs from external control systems or databases can be also 
forward-chained during run-time. A variety of methods are then used to compute or infer new values for the 
variables or parameters, derive conclusions and pass on control signals, and trigger action sequences, each in- 
appropriate. The forward and backward associations between bioObjects for runtime execution are either 
inherent in the connections between the bioObjects or are explicitly configured through the model-blocks. The 
required integration of dataflow and sequential control mechanisms is accomplished in the currently preferred 
embodiment while taking advantage of the intuitive capability provided by the graphical architecture, wnere 
the bioObjects encapsulate the data to which related methods apply, and the parameters and variables are 
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processes or pathways. Each modification of molecules or complexes that results in relevant qualitative or 
juannta tive changes in their function, is represented as separate bioEntities, which in tum are represented in 
separate bioPools and bioProcesses. Examples of those modifications comprise: a) gene mutations and other 
DNA modifications; b) post-transcriptional splicing and other modifications or degradation of RNA; c) 
post-translational modifications of proteins, including allosteric changes, phosphorylation, isoprenylarion, and 
so on. and degradation ; and d) modifications and degradation of other molecules. Synthesis and degradation, as 
well as allosteric changes or other modifications, may also be implicitly modeled within the parameters that 
affect the Velocity of a bioProcess, or as separate mathematical model-blocks connected to biol'ools as inputs or 
outputs. 

16. The tvoes of inhibitions in which a reversible or irreversible complex is formed, such as the binding of an 

antagonist to a cell-receptor, and the feedback activation or inhibition by secreted products, are all modeled as 
separate receptor-processes or complex-formation-processes which compete in the background for the amount of 
cell-receptor available in the common bioPool, according to their respective affinities and concentrations. The 
reversibility of any binding is usually not explicitly modeled, unless the complex is a target for regulation, and it 
is implicitly included in the output which is the balance in the predominant direction (as represented by Ks vs. 
k> and ki). 

\7. In fast growing cells or organisms, the dilution factor resulting from cell growth is represented by a parameter u, 
while in slow growing cells direct enzyme degradation is more important, since the levels of many enzymes in 
animal cells is controlled by the balance benveen enzyme synthesis and degradation, called turnov er. The 
svnthesis of an enzyme is represented differently, depending on the available information or the level of detail 
desired, as a zero-order process or as a first-order or higher-order kinetics, proportional to the concentration 
of other enzymes or regulators that participate in the complex processes of, while the degradation may have a 
first-order kinetics proportional to the concentration of enzymes, or or higher-order kinetics, depending also on 
the concentration of other en/.ymes or regulators that participate in the regulated degradation process. The 
total response associated with any particular population of receptors is represented as the maximal activity of 
a single receptor in the activated state times the receptor density, or scaled-amount, of the bioPool representing 
that particular compartment. 

US. The system of this invention deals with the "incomplete information" characteristic of biological systems by 
integrating the scaled or semiquantitative values with the absolute values, as discussed in later sections. The 
scaled-valued variables, such as scaled -amount, have values within the 0.0 to 100.0 scale to normalize the 
diverse ranges of magnitudes involved in the system. The default initial valuesof the scaled-basal-amounts vary 
within this range to best represent the knowledge about the physiological steady -state conditions. As a way of 
examples: a) a value of 100.0 may model an constitutive abundant enzyme, receptor, or complex-subunit in their 
inactive form, while this value may decrease at run-time as the value(s) of their active or other derivatively) 
increase, so that the total remains 100.0; b) a value of 50.0 may model the normal steady-state catalytic 
concentration for a constitutive regulated active state of an enzyme, or the steady-state concentration ot a 
substrate, binding protein or ligand. or c) a value close to 0.0 may model any highly regulated induced molecule 

IV. Temporal reasoning is important to model and describe the causal mechanisms that drive biological system? 
Temporal reasoning is achieved in the system of this invention in sev eral ways: 

a ) In general, temporal reasoning is implicit in this real-time system during a simulation, when the values ot the 
variables and many of the parameters vary over time. 

b) Entire contents of BioModels. such as those representing the successive phases of the cell cycle, and other 
time-submodels within those phases, can be activated and deactivated over time by activating or deactivating 
the subworkspace of such bioModels, as specified within procedures and rules, at pre-specified simulation time 
intervals, or based on events generated at run-time, such as a certain variable reaching a threshold value, or a 
combination of both 

c) The subworkspaces of specific bioProcesses can be also programmed to be activated for a specified penod ot 
time after their activation, as given by its activation-hold-interval attribute. This attribute can be a default 
value or a value entered by the user or as modified at runtime. This is an alternative to having the control ot the 
inacnvation of such subworkspace based on another event. It can also be reasoning by a combination ot a given 
time interv al or a given event, whatever comes first, or by ev ents triggering the change of the value of the 
activation-hold-interval attribute in a pre-specified manner. One such option is to provide a tabular function 
such as by looking. 

20. In the currentlv preferred embodiment of this invention, a unit ot a given chemical entity, referred to a» a 
bioEntitv. which descnbe the characteristics and state of a single molecule or complex, is considered a 
separated knowledge structure which is referred to as an attribute of a bioKeservoir and can be accessed from 
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die workspace (915) that contains the definitions of some of the procedures needed for the processing of General 
Queries. 

b) Descriptions of General Groups and High-Level Classes 

• The classification and definitions of the object classes is now described. Table 1 shows the different classes of 
objects and groups of tools and methods comprised in this invention, which are all knowledge structures 
implemented as objects. Those tools and methods are preferably organized into major groups, each comprising 
several object classes, which may each further comprise several levels of more specific subclasses, to be 
discussed in more detail in the following sections. The class bioTool (Table 6), a subclass of the class object 
defined within the Shell, is defined to include a variety of auxiliary iconic structures used in this invention, and 
has no additional attributes. Each top class of those groups is a subclass of one of the generic classes of objects 
defined within the Shell, from which they inherit a set of attributes and capabilities. Several of those 
capabilities may be proprietary technology specific for that Shell. For further details, the reader is referred to 
the C2 Reference Manual Version 3.1) or Version 4.0 and other documentation produced by Censym Corp., 
which are here included by reference. In this filing, only those Shell-defined attributes that are necessary to 
describe this invention will be considered, and these attributes or their equivalents may be common to other 
development environments. Other attributes and capabilities not mentioned here may, however, facilitate the 
development tasks and improve the performance of this invention. In the following discussion, attention will be 
focused mainly on those attributes incrementally defined for each subciass. 

• There are several other basic classes defined within the Shell that the system of this invention uses without 
relevant modifications. One of those are workspaces, which are items used to hold and display other items, and 
which attributes include names, user restrictions, margin, border, background, and module assignment. 
Workspace* can be independent higher-level workspaces, or sub workspaces subordinated to objects. 
Subworkspaces may also have the capability of being activatable, if so defined in their superior object, which 
means that the objects upon them are only active and accessible to the inference engine and the simulator when 
such subu orkspace is activated. Other capabilities of the Shell, such as flashing of the icons, changing colors, 
or rotation of specific patterns can be used to animate a simulation and to indicate relevant events, such as 
snowing the bioObjects that are activated, or which variables' values are out of range, and many other 
applications. 

• The object class definitions listed in Tables in the Appendix include only those attributes which provide new 
and relevant information, such as: a) "class name", b) "superior class", and c) "attributes specific to class" 
Other attributes are listed only when relevant or modified, following the following rules: 

- "Capabilities and restrictions" describes which additional capabilities or restrictions apply to all the 
instances of all the subclasses of that class The Shell-defined capabilities used in the current implementation of 
this invention comprise: "activatable-subworkspace", for the classes bioReservoir, bioProcess, 
time-compartment, and hold-bin; and "subworkspace-connection-post" for the class model-box. 

• "Class restrictions" defines which menu options and other non-menu choices are available or disallowed, or 
which attributes are visible in the table, in each particular user mode tor all the instances of all the subclasses 
of the class for which they are defined. The Shell-defined non-menu choices include: "move-object". The 
Shell-defined menu choices include: "table", "name", "transfer", "create-subworkspace". "change-si^e '. 
"describe", "disable", "delete", "rotate-reflect", ... 

• "Inherited attributes" are usually not be listed on the Appendix, since they can be deduced by adding up the 
listings of "attributes specific to class" of each of the superior classes. On occasions, however, inhented 
attributes mav be listed for the purpose of summarizing disperse definitions. When an attribute is defined in 
more than one object-definition, the most proximal (or lower-level) definition overrides the others. 

• "Menu option" refer to whether the name of the object class appears as an option within the new-obiect 
selection from the menu of workspaces, or with other words, whether the class can have instances of the value 
of this attribute is "a final menu choice") or whether the class is only a superior to other subclasses (it tht- value 
of this attribute is "not a final menu choice"). This attribute will be only listed for those high-level classes 
which are "not a final menu choice", and it is otherwise assumed that the class is "a final menu choice " 

- "Stubs" define each of the connecrion stubs for that class and their position on the class' icon, and optionally 
the direction of flow and/or the name of the connection port. The stubs can be inherited from superior classes 
in which case the value of this attribute will be inherited, or the class may have no defined connections and the 
value is none, and in either case this attribute may not be listed. If it is not listed and the superior clas* have 
defined stubs, then it is assumed that the stubs are inhented. and if the superior class have no defined >tuha. then 
it ii assumed that the value of this attribute is none. 

- "Icon description" deiine> the iconic appearance of the icon characteristic of all the instances of the class The 
Kon can be inhented or be specific for that class, and usually contain differently colored layers, or 
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- The Shell's "variables" have capabilities important tor the implementation of this invention, such as: a) 
allowing the user to set a desired instance, lets say the concentration or density attribute of a biol'ool 
representing an entity which quantity is monitored in a reactor, to receive a measured value from the external 
monitoring sensor while its simulated value is being simulated in parallel, based on the "Virtual Model" 
specifications, and then by using inference rules to monitor either value or both values, and to compare them to a 
specified threshold or range or to each other, and to initiate some control actions to regulate the reactor system 
monitored by the sensor; ;md b) allowing the user to define simulation or general formulas specific for a 
particular instance of a "variable" by writing the formula directly in the corresponding slot for the formula in 
the instance's simulation subtable, while the Shell's . Because the Shell's "variables" are larger structures that 
require more memory space, this invention uses by default subclasses of the Shell's "parameter" as attributes of 
bioObjects. However, alternative but equivalent subclasses of variables are also provided, allowing the user to 
delete the default "parameter" and replace it with the equivalent "variable", allowing the user to then write 
any customized specific simulation (values provided by the simulator) or general (values provided by the 
inference engine) formula to model that particular "variable". Differences between the Shell's "parameters" 
and "variables" include: a) "parameters" do not have slots for specific formulas but can receive values from 
generic formulas that apply to instances of a class; b ) a "variable" may have an initial value and two current 
values, the inferred and the simulated values, while a "parameter" have only one value that can be either 
inferred ot simulated; c) the inferred value of a "variable" can be set to expire after a time interval and 
therefore a "variable" may have no value (it should not expire when the value is used by the simulator), while a 
"parameter" alwavs has a value; c) "variables" can backward-chain to seek its values, while "parameters" 
cannot; and d) "variables" cannot be directly referenced by procedures. When using a different Shell with 
parameters and variables with different attributes and capabilities, some modifications may be necessary. 
Examples of default instances are shown in FICs. 1 3 through 1 7 (and their definitions in the indicated Tables) 
for "v ariables" such as: velocity-var (13(11, Table 13), model-block-output-var (1428, Table 14), 
model-block-var (1430, Table 14), and for "parameters" such as: basal-density-par (150f>, Table 7), 
scaling-density-par (1508, Table ft), density-entry-pvar (1510, Table V). scaled-entry-pvar (1512, Table 9), 
input-rate-pvar (1514, Table 11), density-pvar (1518. Table 10), basal-conc-par (1522. Table 7). conc-pvar 
(1524. Table 10), contribution-pvar (1615, Table 10), consum-rate-pvar (1617, Table 11). binding-rate-pvar 
(1706. Table 11), time-delay-par (1711, Table 8), ph-par (1713, Table 5), ph-factor-par (1715, Table 5), and 
produc-rate-pvar (1723, Table 11). 
- The details of a "variable" are here discussed in reference to F1G.10, where the attribute table (1001) of 
velocitv-var shows the attribute slots provided to enter specific information to define and control each 
particular instance, such as the methods of inference allowed (1002); its name (1003); data type allowed (1004); 
optional initial value (1005); last recorded value (1006); the number of data points or the time period for 
keeping the values of the most recent history of that variable, together with the time stamps at which those 
values were collected (1007); the period of time for which each value is valid (1008); the formula slot where the 
user mav optionally write a specific formula for the inferred value of that particular instance! 100"). detail> 
about its optional simulated value (1010). which may include an additional simulation subtable (1011), which 
contain slots that allow the user to optionally control the simulation of that particular instance, such as the 
rime increment for update (1012). a specific simulation formula (1013), and the number of data points or the time 
period of values to be stored (1014); the main table also provides for the initial value for simulation (1015); 
whether its value is provided by the inference engine, any simulator or external interfaced sources, such as 
sensors or databases(1016), and the default update interval (1017, 

- To add a variable or parameter of the desired class as an attribute or a bioObject, the modeler can select the 
"add subtable" from the menu that appears when clicking on the slot of the value that attribute, and then 
navigate through successive menus to follow the hierarchy of subclasses of variable or parameter, in thii car* ot 
float-va riable, until the desired subclass can be selected, which results in the creation of an instance of that 
subclass that gives the value to the attribute from which slot it was requested. To replace an existing variable 
or parameter for another, the existing one is first deleted, and then the sequence above is followed. To 'define the 
specific simulation formula the same process has to be followed Some examples of such attributes cumpn>« 

- .Another example of whv and how specific instances of the default "parameters" are to be substituted when 
needed for the larger "variables" is discussed here. The Velocity attribute (1705) of an instance ( 1 701 ) ot a 
subclass of bioEngine is an instance (1701) of a subclass of rate-pvar, binding-rate-pvar. which value it- 
simulated according to a generic -simulation-formula that refers to such subclass (example in Table S3) and 
represents a mathematical model for all reactions of such type. The Velocity attribute is allowed more 
flexibility in this invention because there are not only many types ot processes, depending on the participants in 
each case, but there are also manv opinions about what is the mo»t titting equation to compute the Velocity ot 
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bioObjects from which they where requested. Clicking on those icons by the user causes the display of the 
elements of the list, providing direct access to the objects listed and to the attribute table of the objects listed. 

dl BioTools 

• Class model-block 

- The class model-block (Table 22). a subclass of the class bioTool, may have as many subclasses as needed to 
represent the different mathematical models needed by the domain modeler, and some representative subclasses 
are shown (Table 22) as examples. Some examples of generic simulation formulas used to compute the v alue of 
the outputs for those subclasses are shown in Table 87. Also included is a generic-model-block, to be further 
defined by the modeler, which is a place holder for new parameters and/or variables to be added, and for 
specific general or simulated formulas for those newly added variables. The additional attributes for the class 
model-block includes "output. 1" and each subclass have additional specific attributes which are simple 
attributes, parameters or variables, and which vary in number and type (Table 22). A model-block is an iconic 
object, preferentially used upon the subworkspace of a model-box, which encapsulates the components of a 
mathematical model, as defined by its attributes, where the value of one or more of those attributes, the outputs, 
are dependent on the values of inputs, which may be constant or may changed at run time. The inputs may be 
have any type of origins, including: a ) one or more other attributes of the model-block; b) one or more attributes 
of other objects in the Virtual Model; c) one or more values originating from any external source interfaced 
with the system, such as external sensors, databases, or external simulators; d) any auxiliary independent 
constant, parameter, or variable; e) any timer or meter; or 0 any combinanon of the above. 

- As shown in FIC.12. clicking on an instance of model-block (1222) displays its menu (1223). The "disable" 
option (1224) is used when a set of alternative model-blocks is configured for a given bioPool to disable those 
not currently in use. The "table" option (1225) displays the table of attributes (122r») and provides access to it- 
variables. Two classes of variables defined to be used as attributed of model-blocks: model-block-var and 
model-block-output-var (Table 1 2) differ in the default settings: only the former has by default a simulation 
subtable and only the latter keeps history of its value, while both have an initial value and indefinite validity 
interval, so that they always have a value, and therefore can be used by the simulator. Clicking on the slot 
(1227) of the attribute "output 1" displays its subtable, the attribute table of an instance of 
model-block-output-var (122S). Although the predefined model blocks classes have associated generic formulas 
to compute the value of their output.l, the modeler may want to override it by requesting, by clicking on the slot 
of its simulation details attribute, the addition of a simulation subtable. The subtable of the attribute "input. 1 " 
(1229) shows the table of an instance of model-block-var (1230), and clicking on the slot of the attribute 
"simulation-details" (1231) displays its simulation subtable (1232) with additional attributes, among them one 
( 1233) to hold the simulation formula to be written by the modeler. The particular subclass selected in this 
example, a proportional. f. is defined with two additional attributes given by simple float attributes with default 
values of 1.0 for "gain" (1234) and 0.0 for "bias" (1235), which represent what their names indicate. 

• Class inference-block 

- The class inference-block i Table 23). a subcljss of the class bioTool, may have as many subclasses as needed 
to represent the different inference mtidels needed by the domain modeler, and some representative subclass are 
shown t Table 23) as examples. Some examples of generic simulation formulas used to compute the value of the 
outputs for those subclasses are shown in Table KS. The additional attributes for the class inference-block 
includes Outcome, given by an outcome-par, and each subclass have additional specific attributes which are 
simple attributes, parameters or variables, and which van' in number and type (Table 23). An inference-block 
is an object, preferentially used as an attribute of bioObjects. such as time-compartments, which represents an 
inference model, as defined by the methods prcviding the value of its Outcome, which is dependent on the value- 
ot some inputs. The inputs may be have any type of origins, including: a) one or more other attributes of the 
model-block; b) one or more attributes of other objects in the Virtual Model; c) one or more values originating 
from any external source interfaced with the system, such as external sensors, databases, or external simulator.-. 
J) any auxiliary independent constant, parameter, or variable; e) any timer or meter; or f) anv combination ot 
the above. 

• Class button 

• The class button (Table 24) is a subclass of bioTool. which additional attributes include Ti>ggle-state. A 
subclass of button is action-button (Table 24), which additional attribute, action-proc-name, holds the name of 
the specific procedure invoked when that button is selected by the user. Clicking an action-button triggers it- 
"select" option (Table 25) which invokes the button-handler-callback, which in turn invokes the procedure 
defined as attribute of each suhcta:-?. -uch as the one example shown for hide-sup-w "-callback (Table 2oi tor a 
HIDE button. Action-buttons play a supportive role in this invention by controlling the displav, and in some 
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• icroll-areas are structures provided by the Shell. In this invention Scroll-areas are created dynamically and 
useo. extensively fFICs.30 through 35) to list and provide direct access named instances of different types of 
bioObjects. For example, a scroll-area is created upon request from an Experiment Panel (FIG.35) by selecting 
the BIORESERVOIRS button (3506), listing in a scrollable fashion all named instances of bioReservoirs in the 
Virtual Mode! and providing direct access to them. The scroll-messages that form the scrollable components of 
the scroll-area, and which refer to the objects of interest, can be ordered alphabetically or in other ways. 

f) Connections and bioPosts 

• Connections are used to connect visualObjects upon a workspace and are established graphically, bv the 
union of the stubs attached to the bioObjects involved, or by extending a stub of a bioObject and attaching it 
directly to another bioObject, if the latter allows manual connections. Several domain-specific connections are 
subclasses of the Shell's class connection, and represent different abstract concepts such as inputs, outputs, 
links, relationships, or information passed between objects. Stubs are handles on the icons of objects that are 
clicked and dragged to create the connections. The definitions of the subclasses of bioEntity, bioPool, 
bioEngine, bioReactant, bioProduct and biol'ost prescribe the class of connections that are allowed at each port 
of their icons, as defined in their stubs slot. Direction of flow may also be specified in such definitions. Stubs 
are color and pattern coded to represent the different types. The stubs are inherited, and those stubs that are not 
used can be graphically removed. 

• The definitions of connection subclasses, some of which are shown in Table 38, include the descriptions of the 
Cross section pattern, that provide each with characteristic partem and color to facilitate visualization and 
modeling tasks, and a predefined Stub length. Each of those classes is specific for connecting particular 
combinations of objects, as described below (FICs. 6 and 7). Stubs of different classes or subclasses are not 
allowed to connect to each other, to prevent the modeler from making erroneous connections. Connection* 
comprise the following major classes: 

- the class p-connection represents a bioProcess input to a bioReservoir, arid more specifically a bioProduct's 
input to a bioPool, in terms of both unidirectional material flow and data flow. Several stubs for p-connections 
are defined at the top (716) of the class bioPool, which may graphically connected (71 7) to the one stub defined 
at the bottom of each biopool-p-post. Also several stubs for p-connections are defined at the bottom (7201 of the 
class BioEngine, which may graphically connected (609) to the one stub defined at the top of each bioProduct. 

- the class r-connection represents a bioReservoir's input to a bioProcess through a bioReactant, in terms of both 
unidirectional material flow and bidirectional data flow. An r-connection may connect (719) a biopool-r-post 
to the bottom of a bioPool, or may connect (608) a bioReactant to the top of a BioEngine. Several stubs for 
r-connections are defined at the bottom (718) of the class bioPool. In addition, the class r-connection has many 
subclasses which differ in their characteristic cross section color pattern, and each connects a different class of 
bioReactant to a matching stub of the same subclass defined at the top of a bioEngine. The definition of each 
subclass of bioReactant specifies within the stubs attribute the specific subclass of r-connection, and the 
definition of each subclass of bioEngine specifies within the stubs attribute a set of specific subclasses of 
r-connections and their locations. The purpose of this implementation is to prevent users from making the wrong 
connections, while directing the user to make the appropriate connections by matching the color pattern 

- the class model-box-connection has three subclasses, scaled-input-box-connection (721), 
input-box-connection (722), and output-box-connection (723), used to graphically connect instances (F1C.8) ot 
scaled-input-model-box (811), input-model-box (816), and output-model-box (817), respectively, to predefined 
corresponding ports of a bioPool. The stubs for these specific connections are defined for each subclass of 
model-box, and for each subclass of bioPool at named ports, and these subclasses are color coded to guide the 
modeler to match the color pattern when making the connections; 

- the class link defines the connections between the component bioEntities (3019, 3021) of other bioEntities. 
representing the continuity of an ordered sequence of structural components. 

- the class icon-wire is a tool used to connect a bioRole-post (703, 707. and 71 1) to its bioRole-Object. The class 
graph-link is a tool used to connect either a bioEngine to various types of tracers (3505, 3510, 3517, 3826) or 
a bioPool to various types of tracers (3821, 3828). After the connection is made, these connections are made 
invisible by either a rule at run-time or by a procedure invoked at initialization nnu , 

• The class BioPost (Table 39) is a subclass of of the Shell's class connection-post. Connection-posts are like 
extensions of connections that permit to physically interrupt a graphic connection and continue it on another 
workspace, but without interrupting the flow. A teaching of this invention is the design, uses, and methods 
associated with the different subclasses of bioPost. each referring to an iconic structure (703 or 71 1 ) that may 
be distantly connected to another biol'ost of a complementary subclass (704 or 712, respectively). BioPosts are 
components located on the subworkspaces ot bioReservoirs and biol'rocesses and. since they are located upon 
different subworkspaces. they are distantly connected by receiving the same name. These structures integrate 
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h) BioEntities 

• A bioEntity is an iconic knowledge structure that represents any biochemical entity or their components, at 
different levels of structural complexity. Each bioEntity may have information encoded in various ways, 
including: a) information and data stored in its table of attributes, and b)each bioEntity may have a 
subworkspace upon which the components that represent its functional modular structure are visually defined. 
As show n in FIC.30. selecting from a bioEntity icon's (3004) menu (3005) the "details" option (3(HV>) displa\ > 
its structure (3007), which may have several lavers of detail (3008 through 3022). In the current 
implementation, functional components represent structural components that are relevant for the bioEntitvS 
function and regulation, that allow the user to visualize the structural composition. The iconic composition is 
also used in the inference used for processing of queries that involve the structure, which refer to bioEntities 
that have certain components in their subworkspace. Each functional component of a bioEntity belongs bv 
itself to a bioEntity class, either molecule or bioEntity-component or any of its hierarchy of subclasses 

• The class bioEntity (Table 42), a subclass of bioObject, has numerous subclasses, organized in a hierarchical 
structure with different levels, according to the way a biochemist would classify different molecules, by taking 
into consideration their commonalities in chemical composition in the upper levels of the hierarchv, such as 
protein, nucleic acid, or lipid, followed by a reference to their function, such as, within the class protein, 
active-polypeptide. receptor, or enzyme. Table 41 shows a partial listing of such hierarchy, with some example* 
of the subclasses at different levels. Additional attributes include References, described above. 

• There are two major subclasses of bioEntity: 

- The class simple-bioEntity (Table 43) includes all the subclasses with simple structures that are not further 
visually described in the current implementation, and they do not generally have subworkspaces with 
additional components. This class has two subclasses (Table 43). protein-site, and protetn-modified-gruup. 
each with its additional subclasses: Additional attributes include: 

- Id is a simple attribute that is used to hold a text to identify the instance instead of using a unique name; 

- Position i> a simple attribute text that indicates the position of that component within the molecule when 
applicable, such as the position of an aminoacid in the sequence of a protein, and is usually displaved; and 

- Superior-bioentity is a simple indexed attribute that holds the name of the first superior bioEntity in the 
workspace hierarchy that has a name, if any, a value that is computed by the program within the query 
reasoning and. as explained later, this mechanism is provided to avoid repetition of structures that are shared 
by various instances of the same family or of other families that share regions of homology. 

- The class complex-bioEntity (Table 44) includes all those subclasses that can be further described bv their 
components in their subworkspaces. As shown in FIC.30, selecting from icon's (3004) menu (3t>05) the 
"detail?" option <300fi) displays its structure (3007), which may have several layers of detail (3008 through 
3022). Additional not previously described attributes include: 

- Master-bioentity is a simple indexed attribute that may hold the name of a bioEntity that is displaved when the 
user selects the "details" opfion. This value is set by the program upon cloning an existing named bioEntity 
using the create-U<al menu option, as described later. BioEntities with no names which Master-bioenrm name* 
another bioEntity. the master bioEntity. can be considered as only a copy or pointer to the subworkspace. or 
Master-details, of the master bioEntity, but it can also hold additional information in its table ot attnbute-. or 
in its own subworkspace. or Local-details. 

• The major subclasses of complex-bioEntity. defined to deal with multiple levels of biochemical structural 
complexity, include: 

• the class bioEntity-component and its subclasses (Table 44) represent he lower-level molecular functional 
components such as: dna-component and its subclasses, such as dna-domain. promoter, operator, and so on: 
protein-component and its subclasses, such as protein-domain, protein-motif, and so on; and membrane and it- 
subclasses. The subclasses of this class may have 4 stubs of the class link used to link different 
bioEntity-components, allowing for branching, and those stubs that are not used can be dragged away 
Additional attributes include: Superior-bioentity and Position, denned above; and Siie. 

- the class molecule (Table 4?) and its successive level of subclasses such as those of protein (Table 4?i. 
nucleic-acid, and so on, represent the next level of complexity. For example, ss shown in FIC.30, a protein mav 
have a set of domains or motifs, or a combination of both, and it may have in addition one or more protein -%ite^, 
or prutein-modified-gmups, connected to the domains and or motifs at approximate locations, with the more 
accurate position displayed in the "position" attribute. A protein-domain may also have in it> SW a x?t ot 
smaller domains or motifs, or a combination ot both, and it may have in addition one or more pn>tein-Mtev or 
protein-modified-groups, including copies of those connected to the icon of the domain. 

- the class heter-mol-complex and its subclasses, such as nucleosome. tt-dna-complex, represent a higher level ot 
complexity. A heter-mol-complex or a complex-molecule may be composed of other molecules. For example, a 
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-f-dna-complex may have a dna or a gene icon in association with one or more icons of specific 
:ranscription-factors. In turn, the structure of a simple molecule is represented by an ordered set of bioEntities 
of the class bioEntity-component in its subworkspace. 

- the class membrane and its subclasses, are used to represent interactions ot several types of cellular 
membranes with other molecules; 

• In addition to the structure in its subworkspace, additional information about an instance of bioEntity can be 
stored in its table of attributes, such as the example shown for a default instance of the subclass p.tyr.kinase 
(Table -l?). The inherited attributes shown are successively added through the hierarchy of its superior classes 
molecule, protein, and en/yme, and include: 

- Synonyms is a simple text attribute to list the different names by which a molecule or complex may be known: 

• In-species is a simple text attribute to list the species or common name of living organisms in which that 
molecule or complex has been found, such as all, human, mouse, Drosophila. C. elegans, S. cerevisiae, and so on; 

- In-tissues is a simple text attribute to list the tissues in which that molecule or complex has been found. 

- InCells is a simple text attribute to list the cell types in which that molecule or complex has been found. 

- InOrganelles is a simple text attribute to list the organelles within a cell in which that molecule or complex ha? 
been found, and it may take values such as plasma-membrane, cytosol, nucleus, and so on. 

- Cas-number is a simple text attribute to indicate the CAS number assigned to that molecule, which is indexed 
to allow for faster searches and has a default value to indicate the preferred format: 

- Mol-weight is a simple integer attribute to indicate the molecular weight of a single molecule or complex, 
preferably expresses in Daltons; 

• Isoeiectric-point is a simple float attribute to indicate the isoelectric point of the molecule or complex; 

- Sequence is a simple text attribute to contain information about the sequence of a molecule, if relevant; 

- Substrates-info i> a simple text attribute to contain information about the known specific substrates or groups 
targeted by the enzyme; 

• Inhibitors-info is a simple text attribute to contain information about the known specific inhibitors of the 
enzyine; 

- Ligands-info is a simple text attribute to contain optional information about any other ligand that mav bind to 
the enzyme; 

• The class bioEntity-notes (Table 4*). a class of bioTool. comprise auxiliary structures located the 
subworkspace of a bioEntity, that serve as iconic containers for different types of specific information about 
the bioEntity, which can be displayed by selecting the "details" menu option. 

it BioReservoirs 

• Class bioReservoir 

- As shown in FICs. 12 and 13. a bioReservoir (1201) is an iconic object that represents an imaginary container 
of a population of similar molecules or molecular complexes, represented by a t:oI\x>l (1 301 ). A bioRe*erv otr 
has several operational functions and encapsulates several forms of knowledge. A bioRe>ervoir s menu ( 1 2''2 1 
provides access to a variety of tasks to be discussed in sections below. Here we will define some or the 
components involved. The "table" option (1203) displays its table of attributes (1204), which holds value? -et 
by the modeler that, in addition to provide useful quantitative or qualitative information to the user, mav be 
u»*d by the program to set the initial conditions before a simulation is run. The values of some of theattnbute- 
of a bioReservoir characterize the system and are stored as part of the permanent database. The value> or other 
parameters and variables pertaining to a bioReservoir which are computed when a simulation is run, but which 
do not usually require to be set by the modeler, are hidden for convenience as attributes of the biol'ool contjmed 
in each bioReservoir, as described below, but they could as well be implemented as attributes of the 
bioReservoir. 

- The class bioReservoir (Table 47) is a subclass of bio View -Object and its subclasses (Tables 47 and 4*! 
include; bound-mol-reservoir, sol-mol-reservoir, cell-reservoir, exp<ell-reservoir, genet-mol-Reservoir, Mime 
with further subclasses . All instances of all subclasses of bioReservoir have an aetivatable-subworkspactr 
which means that any object upon such subworkspace are not recognized by the inference engine or the 
simulator unless the subworkspace is activated, and therefore any of the tasks associated with their icons are 
not functional when inactivated. When the application is started, all those subworkspaces are deactivated, and 
in the current implementation of this invention they are activated when the general initialization procedure* .ire 
invoked, as described below. In FIC.l 2 is shown a table of attributes (1204) of an instance not yet configured. 
<hown here with its default values. The unlikely default value of 9. u e-yv» given to some of those attributes, 
which provides a) a signal for the user that an adequate value has not been entered yet bv the modeler, and bi a 
branching criteria for the inference engine. Attributes newly defined for this class and its subcla>ses not 
previously described include: 
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• Compartment (1205) is an simple attribute optionally set by the modeler to represent the physical boundaries 
.>r the contained bioPool: 

- Status (1206) is a symbolic attribute which value is set and used at run rime by the simulation and other 
procedures, as an aid in the activation of pathways and in the creation of interactive pathway displavs. It can 
take any of the values specified in the definition table and it is not visible to the modeler or other users. 

- Ref-bioentity (1207) is an optional attribute optionally set by the modeler to point to the bioEntity instance 
that describes the structure of a unit representative of those populating that bioReservoir. This value is used bv 
the program when the user selects the "bioEntity" option from the menus of either the bioReservoir itself or an v 
of the bioReactants and bioProducts distantly connected to its bioPool, and that option appears on those menus 
only when the value of this attribute is not the default value none; 

- Master-bioreservoir (1208) is set only by the program when copies of named bioReservoirs are made, such as 
those used in the creation of interactive pathway displays, and is used by the program to display the 
subworkspaceof the bioReservoir referred to by the vaiue of this attribute, when the "master-details" menu 
option is selected by the user. This attribute is not visible to the modeler or other users. 

- Decay-rate-factor (1209) is a parameter which value may be entered by the modeler or can be modified at run 
time by rules or procedures. Its default value is 2.0e-J, a value small enough not to cause dramatic changes, but 
in line with some experimental observations in the domain of this invention, but it should preferably be modified 
by the modeler to better reflect individual cases; 

- If-scaling-amount (1210) is a simple attribute set by the modeler to indicate to the program the value to be used 
to interconvert between the absolute-valued and the scaled-valued variables or parameters of bioPools and 
their connected bioReactants. The complex methods used for this conversions differ, depending on the classes of 
bioPools and bioReactants involved, as discussed in more detail under the Simulation Mode heading. Its 
default value of 100 is used if not modified by the modeler, if the value of the if-scaling-bioreservoir attribute i> 
none; 

- If-scaling-biores«rvoir(1211) is a simple attribute which value may optionally be set by the modeler to 
indicate to the paigram that the value of the if-scaling-amount should be taken from the bioReservoir named by 
this attribute. This value is only required or used when the value of the if-scaling-amount attribute is the 
default, otherwise, the later value is used and this attribute is ignored. This and the previous attribute are not 
visible in General Mode; 

- Scaled-basal-amount (1212) is a float simple attribute set be the modeler that represents the scaled value of 
the amount of units in the contained bioPool under normal or basal conditions, equivalent to a fraction of the 
maximum amount that this bioPool can reach under optimal physiological conditions. Since in manv occasions 
in the domain of this invention neither the basal nor the maximum amounts can be measured or known with 
certainty, this value represents in such occasions the best estimated guess, and it is an important 
semi-quantitative knowledge component. The default is the uniikelv value of 9.9e-W. 

- Physiol-abundance (1213) is a symbolic attribute which value is set by the modeler to indicate the 
physiological level of abundance of the contained entity in the compartment represented by that bioReservoir. It 
is a symbolic replacement of the previous attribute when the 9.9e-W has not been modified bv the modeler. The 
values allowed for this attribute in this invention are: highest, abundant, steady-state, low-induced or only 
induced, which currently correspond to the scaled values of 1 .0. 0.9. 0.5. 0.1. and l.Oe-V, respectivelv. Howev er, 
this default scale can be changed to different values, and additional symbols and values can be added to the 
scale. As and alternative, fuzzy -sets can be defined for the values of this attribute, and fuzzv-logic can then be 
applied to those values. The reasoning for using the values of either the previous or this attribute, in 
conjunction with one or more of the following attributes, are discussed in more detail under the Simulation 
Mode heading. 

• Normal-basal-concentration (1212) is a float simple attribute set be the modeler that represents the 
physiological average value of the concentration of the entity contained in a sol-mol-reservoir; 

- Normal-basal-density (instead of 1 214) is a float simple attribute set be the modeler that represents the 
average value of the density of the entity contained in a bound-mol -reservoir. 

- Physiol-max-concentration (1215) is a float simple attribute set be the modeler that represents the 
physiological maximum value of the concentration of the entity contained in a sol-mol-reservoir; 

- Physiol-max-density (instead of 1215) is a float simple attribute set be the modeler that represents the 
physiological maximum value of the density of the entity contained in a bound-mol-reservoir. 

- Selecting the "details" option (1216) displays the subworkspace (1217) which contain the components that 
characterize a bioReserv oir. The classes of those components that are using in the modeling proces> are defineo 
below, while other auxiliary structures are described in later sections. The descriptive qualitative, structural, 
and functional information of a bioEntity is kept in this invention separated from the configurable additional 
quantitative information that characterizes each bioReservoir. allowing the Ref-bioentitv of sev eral 
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* Class bioPool 

character^ icon u-ith^s oi ^7^^ * 50 ^ 5L A » «^"- w»* a 

the icon, and a set of r-connect.or! "«u* ^^^TtT 1^°— »»* « «P or 
» be connected (717) to a biopool-p-post (7 2) and eTch ,1 ^ ^ ** f~°""«*«°n stub (716, 

biopool-r-post (704) on the sub\vorksr£e of*, bbl T"^' 7181 ' 5 ^^^') 
a lactam and a biol'roduct, nSS^^iS^T'' al '° VV <0 Wlab,ish dislant conn«»i on s o 
As shown in F,C,3. every instanZTbTpoo. "mZ^TT^™ °* *" °" W ^ thJT 
option (1303) dispIays its tal ,„ of a mibu^l^ } ^;5^r U <1302) ' the " ,ab,t " 

parameters, which include a densitv-related m and a 7 ? T °' 3 bi ° P °° l are or 

- by the modeler (with the excephon o^e whkh d * »» have to be 

but they are no, required, since the,' can ^J^SS^^T J" T?* *' * tf kn - n " 

or Mr default values), since thev are inferred Tsimu^ed >IT °' 0thera « ri ^ of the bioResen o,r, 
The unitsof all the parameters and vanabEo? I blt^'l ^ the Simulation Modeheadmg 

*» by the modeler to indicate" a, i^ron^ZZ^2J^^ " ° f *~ '""^ ™ * 
•Wropnated measured or assumed value f^Uh^T T Y ^ COncent "<™. or »v other 
Pharmacology, or other molecules that a^dZJ^J ^ " C ° mPlCSeS ' ° f b) ° ° * r 

reared for any bioReservoir that part c 1^ Simula ^ T," 7?°* mvi ™™- This value i> 
bv «he user with a new value, the pn^^T^iZ^ '* ^ " 0t ^ — d ^en 

determined by a generic **hJL££SZ^ hSS h T °' ** value, as 

invoked ^ which value is inferred by a procedure 

■ ^^tLX^^ 1 -^ ThLalueis us . by 

d ^nttimesS^^ 

process. !« has a default value of 0.0. and^ newth!e ma^L ,w T T^""' dUrin * *■ Simuiat ™ --P 
s.muiahon is started, and. after the new in'e^hTeZ^ *" *' * 3 PP ° Cedure calW *. 
of 0.0. This value is an acumen, to the aTcu^.I 1 P^«ed. it rever* back to the default value 

Density-Entry, with i, s V aIue and u tct^ wl! - ^ " ,he KaIed of «he 

- Inpul-Rat, ( nil) is civpn H v T X S ' m,lar to ,hjt d «*"b«l above; 

connected to me biopoo.^posts of ^V^ZT^T »< a » bioP^uct. 

bioReacun^ connect tome bSpcil^S^ 
mode.-b.ock confined inanycon^ed^tpu^ 

*. basal-amount ,or sc^^mo^ Z™Zl7£"^ ? ^ h ^ ^ to - 
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vaiue in M ( Molar) represents moles per liter. In the implementation used to illustrate this invention, 
simulations operate by default based on the Density of the bioPools involved. In the case of sol-mol-pool. where 
the quantities used by scientists may be most commonly given as Concentrations, the second set of concentration 
related variables is defined to facilitate user-input, but those quantities are preferably transformed into 
density-related variables by the program, using Avogadro's number (6.023e23 molecules per mol), before 
integration with other quantities. However, several other types of quantities could be used as well, with little 
conversions to other units of measure, such as activity (X-units times Y-unit), amount (X-units). or others types 
of densities (such as X-units per Y-unit). The same concepts and the same type of formulas, rules and procedures, 
apply to other-quantities, and a variety of units may also be allowed for entries from the user or other external 
sources, by providing lookup-tables or any other standard methods for automatically converting anv of those 
units to the desired target units. Hence, the modeler has the option to design and define a svstem totally or 
partially based on a different quantity measurement, as long as proper care is taken to maintain consistency 
. throughout the system. In those cases, the quantities entered by the modeler in the attnbute slots of the 
bioReservoir that refer to physiological levels would also have to reflect those different sets of units. 

- Scaled-Amount (1319) is given by a scaling-density-par (1320), which value represents an scaled, 
dimensionless, alternative to Density, Concentration, or any other absolute- valued quantity. This attribute i» 
used in the default scaled reasoning, which is the preferred method when dealing with biological svstems, when 
absolute quantitative data is incomplete, and much of the data available is from relative measurements. The 
Scaled-Amount can be conv erted into a Density, and viceversa, by using the value of the Scaling-Densitv of tne 
bioPoo). 

• Class bioPool-post 

• The class bioPool-post is a subclass of bioPost (Table 52) and has two subclasses: biopool-p-post (712). which 
is to lie connected to an input p-connection at the top of a biol'ool's icon, and its name is to be given to one 
bioproduct-post to establish a distant connection; and biopool-r-post (704, 708) which is to be connected to an 
output r-connechon at the bottom of a bioPools icon, and its name is to be given to one bioReactant-post to 
establish a distant connection. BioPool-posts are located upon the subworkspace of a bioReservoir and 
connected a bioPool, which function in combination with bioRole-posts is to connect the bioPool to one or more 
bioEngines. The additional attributes for this classes include: 

- Id is a simple text attribute used as a unique identifier, instead of the unique name, in some types of pnxessing, 
such as in the alternative simulation procedures described in that secnon; 

- Ref-bioprocess is a pointer to the bioProcess instance that contains the bioProduct or btoReactant to which 
the biopool-p-post or biopool-r-post. respectively, are distantly connected. The value is interactively set by 
selecting the "set-rets" menu option of the bioproduct-post or bioReactant-post to which it is distantly 
connected;, and it is used by the program for interactive navigation through bioReservoirs and bioProcesses. as 
described below. 

• Class model-box 

- As shown in FIC.12. a model-box is an iconic object located upon the subworkspace of a bioReservoir and 
connected to its bioPool. which function is to hold and connect the optional model-blocks on its subworkspace 
to the bioPool. The class model-box (Table 53) is a subclass of bioTool and has three subclasses, each plav.ng a 
different role as their name indicate: scaled-input-model-box (1218), input-model-box (123ft), and 
output-model-box (1237) Model-boxes are interactively created by selecting a menu option of the closest 
bioPool. as described below. An instance of model-block is connected manually to the connection-post (1238) 
which comes with the subworkspace of a model-box. The superior connection of such connection-post i s that 
defined by the stub of the model-box that contains it. and therefore, the model-block (1222) connected to it i> 
distantly connected to the bioPool to which the model-box (1218) is connected. The menu options available tor 
all subclasses of model-box are different, depending on the user mode When clicking on a model-box (1218) in 
any ot the user modes bypasses its menu (1219) and selects the "show-sw" option (1220), which causes its 
subworkspace (1221) to be displayed. 

|) BioProcesses 

• Class bioProcess 

• The class bioProcess (Table 54) is a subclass of bioView-Object, and comprises the subclass cell-bioProce ss A> 
shown in FICs. 14 and 15. a bioProcess is an iconic object (1401 ) which subworkspace (1407) contains 
components that visually represent the preconditions (bioReactants), the process engine (hioEngmel and the 
effects (bioProductsi of a process as connected objects with encapsulated variables and parameters that 
describe the process qualitatively and quantitatively. The subworkspace of bioProcesses is activatable. 
allowing to control the availability ot u> components by activating or deactivating the subworkspace In the 
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; urn.ntjmple m enution those subworkspaces are activated with the general initialization procedures as 

class or ,ts subclass, and d.ffer ma.nly m the ,conic components upon their subworkspace. The different tvpes 
are also v.suallyd, squished by different colors for the typ«olor region of their tea which is hZed 
prc^rammancally to be thesame coloras thecolorof the type<o.orr^ 

* toP^T^ZnT^: 1 fUnC,i ° nS 3nd enG,psu,ates {0 ™ oi know]ed *° '** — of 

T u Tr Tu (1402 >P rov,d « s acc « ss » a varies of tasks.to be discussed in sections below Here we 
wh ch holds vanous attnbutes. some of which have values that are set by ^modeler and provide in^rmanon 
,n v bvT' ^ aUXUia attribUteS Wdden t>0m mode,ers and users * h,c " «hL are Jand utS 

" ulS^^r iS * * ^ Pr0t?ram Whw ^ of a EProcesses are made, such as those 

mfbioP™ T PathWa> ' diSF " a ^ a0d ' S USed bv th " P ro * ram to d *P'"' *• subwork pace or 

the b.oProcess reterred to by the value of this attribute, when the "master-deuils" menu option (visible on T 

" Hn e .." deta r S " ° Ph0n diSp ' ayS thC subwo ^space (14(17) with all its v.sual components. In addihon to 
o her aux.l.ary structures to be discussed below, the main components comprise a sin^bioEn^enC 

- As described below (FIC.32), a cell-bioProcess may contain bioReactants and bioProduct that reprint «wU 
or cel. ,n add.tton to containing bioReactants and bioProduct that represent pools of chemica L 

™T I ,tn* oProcesses where mo,ecu,es imeract wi,h m0,ecu, «' as «**wSL 1 

modules (3205 mterac, with cells (3204), or cells interact with cells. In addition, there mav bt^ o pairs 

Z S "* 35 3 r I SUlt °'' Ce " S inten,CHn8 °' edh ( " 0t Sh ™> ° th - tvp. of bioProces.el e^resen ' 
oToptn }Mlmmn l0C3,i0n °> m P art ™"* -here the bioReactanVrepresents a frac, ZoZ L m 

dS ITT TJTrl [ WhKh " f * BW-d ^ ,hal bi ° P001 and a «,me-.ag7L " 

^ch ot tj,ese types of ^Processes contain the appropria te subclasses on bioEngines. There are manv other 
types ot btoProcesses defined in this invention and. in addition to those examples alreadv menh 1Z some 

11" J " T** Wm ** 3pproaCheS Manv ™" tvp- = of processes a"^5r^Tud bv 

compostng add.honal types of bioProcesses by a modeler skilled in the art repre~nted bv 

Class bioEnginc 

Ix^mrZ o;° E K n r e ' TaWe W> iS 3 SUbClaSS ° f bionod ~*i*« "d comprises a h.erarchv of subclasse, A ,eu 
bSdT^l r re JT tal de,inUi<,n5 ar * * own in TaW « * ^ch as: amplifierSoentme 

S^tv^T ,Umped : biOCT ^ and "'^Engine. Each bioEngines icon has a nunL of stubs" 
o^nnT r^onnecnons a, the top, to be connected only to bioReactants. and a number of stubs o, 

p<onne C m 1 nsatther^t«om.torv«mnectedonlymbioProduc,s. The number and class or defined ^hc 

*ose x mnvo or more enzymes, represent lumped modelsof a two or more reactions £ series and are used to 

The major subclasses of bioEngine (Table 5?) are arranged according to the tvpe of reaction or process thev 
represent, .nd.cated by their names. The next level of classes usuallv defers to L ^ 0^,3^! ln,h. 

* the Cass and is usually characterized by the class of the variable that defines ^>Z^Z*u« F u ^ 
glasses o, each otmoseclassesare defined 

mm determmes the number and classes of connected bioReactants, and further bv color coding the icons » £l 

protein phosphatases, and so on. Further differentiation between particular mstances can be Jnerld bv 

™ ? ? Ve]OCity " -«-eof different subclasses of ve.^-pxcr 

nomenclature used for each subclass refers to the defined bioReactants, such as 

'.oengtne.ETLS2.il Em is an en/yme-bioengine that represents an enzvmatic reaction and which icon has a, the 
U.p rour stubs: ^ for theenzvme.r. two for subs.ratel.r and substrate2.r. and one for a„ hTbS " 
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- bioengine.Rl.L1.Anl.Rm is a receptor-bioengine which icon has at the top three stubs: one for the receptor.r, 
one tor ligand.r, and one tor an antagonists; 

- bioengine.Ml .Efl.Anl.CCm is a conform-change-bioengine that represents an induced conformational change 
process which icon has at the top three stubs: one tor modifier. r, one tor effector. r, and one for an antagonist. r, 

- bioengine.U2.CFm is a complex-form3tion-bioengine that represents the formation of a complex from two 
previously independent bioEntities (which may themselves be complexes) and which icon has at the top two 
stubs: one for unitl .r and one for unit2.r; 

- bioengtne.C1.Ml.CDm is a complex-dissoc-bioengine that represents the dissociation of one complex induced by 
a mediator into two or more independent bioEntities (which may themselves be complexes) and which icon has 
at the top two stubs (or complex. r and media tor.r. 

- bioengine.chl.iil.Ll.ICm is a channel-bioengine which icon has at the top three stubs, one for channel.r, one for 
ion-lnput.r, and one for antagonist. r; 

- bioengine.Cl.lnl.Tm is a translocation-bioengine that represents a translocation between different 
compartments and which icon has at the top two stubs: one for carrter.r and one for input.r; 

+ As shown in FIC.l 5, a bioEngine (1 501) is located upon the subworkspace of a bioProcess that represents the 
action of any process, such as synthesis, modification, complex-formation, translocation, diffusion, degradation, 
and so on. Selecting the "table" option (1503) from the menu (1502) of a bioEngine (1501) displays its table of 
attributes (1 504), in this case with the default values. Newly defined attributes not previously described 
include: 

- Velocity (1505) is an attribute specific for each subclass which value is an instance of any of the subclasses of 
rate-pvar. described above, which for the receptor-bioengine shown is a binding-rate-pvar (1506). The values 
tor this dependent variable are provided by generic simulation formulas that model the rate of the interactions 
of the bioReactants connected to the bioEngine. Its arguments may be the Contributions of each of its 
bioReactants, when using the scaled set of variables and formulas, or the bioReactant s kinetic-coefficients and 
the Densities, Concentrations or other quantities of the bioPools connected to the bioEngine through the 
bioReactants. Its output is an argument for the Consumption-Rate and Production-Rate of the connected 
bioReactants and bioProducts, respectively. Therefore, this attribute may take as arguments either a set of 
scaled-valued variables and/or parameters, in which this attribute would be also scaled-valued, or a set of 
absolute-valued variables and/or parameters, in which this attribute would be also absolute-valued, 
respectively. 

- Rate-constant-sec (1507) is a simple float attribute which value may optionally be set by the modeler to 
provide the rate-constant in seconds for the overall process. This value is used, in combination with the 
Contribution, by the set of generic simulation formulas that use the scaled set of variables, which is currently 
the default mode of operation. The default value is used if no other value is set by the modeler. 

- Tau-coeff (1508) is by default a simple float attribute which value may optionally be set by the modeler to 
modify the rate-constant-sec by such factor, allowing for testing the effects of a modification of such parameter 
on the simulation of the system without having to change the value of such parameter which may have been 
obtained experimentally. This value is incorporated by default in the generic formulas provided, and if not 
configured by the modeler, multiplying by its default value of 1.0 has no effect on the system. 

- Bias (1 5(19) js a simple float attribute which value may optionally be set by the modeler to modify by a constant 
amount the rate-constant-sec. for testing purposes, without having to change the value of the later attribute 
This value is incorporated by default in the generic formulas provided, and if not configured by the modeler, 
add ing its default value of 0.0 has no effect on the system. 

- Time-lag (1510) is an optional rime-interval attribute that may be useful for certain instances of bioEngmes. 
which value, given by a time-delay-par (1511), is optionally set by the modeler to indicate the period of time by 
which the forwarding of the computed output of the Velocity of a bioEngine is delayed. It represents a rime 
delay, equivalent to holding an amount from a biol'ool for the specified period of time, which is returned after 
that time has elapsed. An example of its use is when a bioReactant and a bioProduct of this process are both 
connected to the same bioPool. and the forwarding of the output value of the Velocity is delayed. The value of 
tins attribute may also be modified at run time, as a result of dynamic events related to this or other processes, 
and may be simulated or inferred by means of modeler-defined formulas, rules, or procedures. 

- pH (1512) and Temperature (1516) are optional float attributes which values are given by a ph-par (151?) 
and a temperature-par and which, as their name indicate, represent the environmental conditions under which 
the process takes place. The values of these parameters may van.' at run time, as a result of dynamic events 
related to this or other processes, and may be simulated or inferred by means of modeler-defined formulas, rules, 
or procedures: 

- pH-deviation-f actor (1514) and Temp-deviation-factor (1517) are optional float attributes which values 
are given by a ph-tactor-par 1 1515) and a temp-tactor-par and which are used in coniunction with "pH" or 
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-emoerature'' respectively, and represent a correction factor that either accelerates or deaccelerates the 
process wnen the values of either the pH or the temperature deviates from their defined default values. If used 

de^t U bv° a ^ Pa r 5meterS remain COn " ant ° r ma ^ Va ^' for differe ™ of « h * PH or temperature, as 

defined by a tabular function similar to a look-up table. 

• Class bioRolc-Objcct 

" ^Prt S u ^ i0 A R K e f Et ( TaWe 59) iS 3 SUb<laSS ° f bi00bj€Ct ' and has subc,as ^ : f ioReactan. and 

receptor r a ^ e 7 S " ^ ° f bi ° ReaCtan *' su ch •« «^e.r. substrate.r, inhibitor., subun u 

JSS h-T ' antaK ° n ' St Carrier '' 80 ° n ' eaCh ™P««tinB the specific roles of the inputs that 
Afferent bioReactants provide to the bioEngine, or as a bioProduct. "puts mat 

' WoEnZ TJ? 014 ' 3 bi0R " Ctant "« and 1419 >' * connected by an input r-connechon at the top or a 
bioEng.ne, and represents the material contribution from a bioPool to the bk>Engine to which it is connected To 

bTSCT" - ' """-^^ 10 a ™s« have the same name as one ot Z 

^ool-r-posts connected at the bottom of a bioPool. The two bioReactan.s shown are represents ve examples 
liftand '"a* describwT^rT^ mo ' ,iCU ' es OT com ptexes with complementary roles or functions! a receptor^ and^iT 

ma V oth »combina h onsof two, three or any other number of interaSng 
parnapants are possible, to represent other types of processes, such as combinations of enzvme and 

mtS S ' IT T * C ° mP,eX ' " °"- THeSe ~"*»*"» -V -elude ama^or ^ or 
^f'*' %Ch n " y aUe ™ hv «' v represented as competing in a separate process, the latter beine the 
pnrterred alternate ,n thedefau.t implementation using the scaled set of variables and simu^Sas 
* The da* bioR.actant (Table 61) comprises a hierarchy of subclasses, such as: amplifier-bioreactant 
S££TTT l * adin *-«° r *T nt ' ^-W—cttnt inhibitor-bioreactanrsmgl^ ^ZZ, 
^l^t a nt«ll-r^ W ..xt raM IHig a nd. a nd««i,,ubeU^ A few examples of their incremental 

™" ^ 142 ° h ) ' and TT* ,,S " tab, «" «P**» 0410 or 1421) displays its table of attributes n 41 1 or 

" coltlTlt™" ° 4U l " I SimpW fl0at a " ribUte °* a " SubC,aSses of **■««« and bioProduc. uh.ch 
wZL E ^r^T ,h : characWristic ^chiometric coefficient of that participant ,n that part.cu.ar 
oal^H h P ' ** ° l th * ^chi^CKoeff of all bioReactants anci bbProducts of a 

factor the Contnbut,on. wh.ch value » computed by the program. This isof interest for testing the effects of a 
global mod,t.ca,„n such variable on the simulate of thTsystem. This value is ^^TlTuZn 
*e genenc formulas pnn ided. and if not configured by the modeler, multip.ving bv its dTauhTahL 0 h s n„ 
effect on the system. AHemaHvel, the mode.er may delete the a,pha<oef,?par a ? nd prov^e L^^Z 

aT^^vl^l^^T^^^ bi ° RMC,am Whkh ValUW ' S « iVe " ^ a contribuhon-pvar 
tnl'll 7 d>™rn,callv compute while a simulation ,s runnmg. The meaning and u<« of this 

£££ ° f mVenti0n ' to meet ~ * * e F-id bv the I of thi< 

aZuTnl™^ ' V * ^ ^ nHtative kno -«^ - H»-y scanered^mdincompiete. Th" 

amibute represent, as ,» name .ndicates, the Contribution of each bioReactant to determming the ove al rite 
of the transtormanon tha, the bioProcess. as represented by the Velocitv of its bioEngine. 3nJZ^ " 
vanab!e tha, can take values from 0.00 to 1.00. and represents a dimension^ scaj coo^Z^Z^ 
equivalent quantity variable). The scaling of the concen.rat.on is done at the bioReactant leveT^ 
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- Consumption-Rate (1416) is an attribute of even' subclass of bioReactant which value is given by a 
dependent ccnsum-rate-pvar (1 417), which value is dynamically computed white a simulation is running, and 
indicates the rate of consumption of units of the connected bioPool in such bioProcess. its arguments are the 
bioReactant's stoichiometric-coeff and the Velocity of the bioEngine. and its value is an argument for the 
Output-Rate of the connected bioPool. For those classes of bioReactants that are not consumed in a reaction, the 
value of this attribute remains 0.0. In this invention, an enzyme.r or an inhibitors are preferably not consumed 
in the enzyme-processes. However, they may be retained, by modeling them with a time-delay-var with its 
specific formula. Note that the connected bioReservoir may be configured for the quantity of the bioPool to 
decay dynamically, representing their degradation and diffusion components, and it also may be consumed in 
oth er bioPnxesses; 

- Effective-binding-sites (1 4181 is a simple float attribute of the subclasses of bioReactant that refers to 
molecules or complexes that have binding activity, such as all the subclasses of amplifier-bioreactant and 
".eadirig-bioreactant, and its value is set by the modeler to indicate the number of effective binding sites per unit. 

+ Kinetic-parameters are by default simple float attributes specific for some subclasses of bioReactants, which 
values are optionally set by the modeler to indicate the value of the kinetic parameter characteristic for that 
particular instance. A set of two attributes is provided for each of such subclasses, one to hold the absolute 
value and the other to hold a scaled value of such kinetic parameter, which are used by the set of absolute 
generic simulation formulas used in conjunction with the absolute-valued variables, or by the currently default 
set of scaled generic simulation formulas used in conjunction with the scaled-valued variables, respectively. 
Alternatively, in cases where the value the Kinetic-parameters are by default simple float attributes specific 
tor some subclasses of bioReactants, which values are optionally set by the modeler to indicate the value of the 
kinetic parameter characteristic for that particular instance. A set of two attributes is provided for each of 
such subclasses, one to hold the absolute value and the other to hold a scaled value of such kinetic para meter, 
which are used by the set of absolute generic simulation formulas used in conjunction with the absolute-valued 
variables, or by the currently default set of scaled generic simulation formulas used in conjunction with the 
scaled-valued variables, respectively. Alternatively, in cases where the value the kinetic-parameter is 
time-variant and dependent on other variable values, the modeler may choose for individual bioReactants to 
define for that attribute an instance of kinetic-pa rameter-var (Table 13), in which case the modeler has to define 
the specific simulation formula to provide the value for that particular instance, as previouslv described 
(F1C.10). 

• Equilibrium-dissociation-constant (1423) and Scaled-equil.dissoc.k (1424) are simple float attributes of 
the subclasses of binding-bioreactant (Table 98) which value is optionally set by the modeler to indicate the 
absolute or a scaled value, respectively, of the Ks characteristic of that agonist or complex-subunit; 

• Catalytic-constant and Scaled-catalytic. k (not shown) are simple float attributes of the subclasses of enzvme.r 
(Table 95) which value is optionally set by the modeler to indicate the absolute or a scaled value, respectively, 
of the characteristic kp of that enzyme (where kp is the equivalent of the units ot activity per catalytic center, or 
kp= Vmax/|E|i ft*')); 

- Michaelis-coristant and Scaled-michaelis.k (not shown) are simple float attributes of the subclass substrate. r 
(Table 9f>) which value is optionally set by the modeler to indicate the absolute or a scaled value, respectively, 
ot the Km characteristic of that substrate (where Km is the dynamic constant equivalent to the substrate 
concentranon that yields half-maximal velocity, or Km = ( k-i + kp ) / ki, used when the bioEngine is treated 

under steady-state conditions, which the preferred treatment in this invention V This attribute may optionally 
be considered to represent the Ks ( where Ks represents the intrinsic dissociarion-constant. or K> = |E||S|/|E?i 
= k-i /ki (M) = 1 / Keq, may be used when the system modeled is under rapid equilibrium conditions, which i» 
usually not required because of the dynamic nature of the simulanon system of this invention), which may be 
used in a formula in conjunction with the catalytic-constant or scaled-catalytic. k. respectively, of the interacting 
enzyme.r: or 

- Inhibition-constant and Scaled-inhibition. k (not shown) are simple float attributes of the subclasses 
inhibitor-biore.ictant (Table 99) which value is optionally set by the modeler to indicate the absolute or a 
scaled value, respectively, of the Ki characteristic of that inhibitor or antagonist (where the factor (W / Kn 
may be considered as an (l)-dependent statistical factor describing the distribution ot enzyme between the E and 
FJ forms). 

- The class bioProduct (Table W) has the subclass cell-bioProduct As shown in F1C.15. a bioProduct < 151S) i> 
connected to an output p-connection at the bottom of a bioEngine. and represents the material contribution from 
a bioEngine to the bioPool to which it is connected. To be operational, the bioProduct-post connected to a 
bioProduct must have the sjme name as one of the bioPool-p-posts connected at the top of a biuPool. Everv 
instance ot biol'niduct (IMS) has its menu (1?19), and selecting "table" (1F20) displays its table ol attributes 
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bioPool may be able to 'switch' from one pathway to the other at a given point, as a result of continuously 
varying functions, such as different velocities or diffusion rates. 

• The class On-Hold-Bin is characterized by having an activatable-subworkspace, which is usually maintained 
deactivated. The instances of On-Hold-Bin are used to store within a submodel (not shown) bioReservoirs 
and /or bioProcesses that are either substitutions for the bioReservoirs and /or bioProcesses contained in such 
submodel, or additional bioReservoirs and/or bioProcesses to extend the pathway represented by such 
submodel, which are appropriately connected, but which the user wants to exclude from a simulation or other 
uses. By having the subworkspace deactivated, all those structures are ignored by the inference engine and the 
simulator. The user may have those structures included or excluded from a simulation or other uses at will, as 
described under the Modeler-Mode heading. The table of attributes (2309) of each instance of an On-Hold-Bin 
allows to store and access additional information. All instances of On-Hold-Bin have either one of two 
alternative menu options: a) if the subworkspace of the On-Hold-Bin is activated, then the "deactivate-sw" is 
available, which upon selection by the user deactivates such subworkspace; or b) if the subworkspace of the 
On-Hold-Bin is deactivated, then the "activate-sw" is available, which upon selection by the user activates 
such subworkspace. 

• Some of those subclasses of bioModels, such as the sequential time-compartments, can be independently 
activated and activated by the program during a simulation run. The efficiency of large-scale simulation 
applications can also be significantly improved using that mechanism, by having whole branches of the model 
that are not relevant at some point in time deactivated and activated when required, driven by events generated 
as a result of the simulation itself, or at given time intervals. 

• Thee lass cell-bioModel (2326, Table 68) is used to represent a cell as observed from the inside, that is as a 
container of subcellular compartments, that in rum may contain different layers of submodels until at the end of 
the compartment hierarchy, the bioReservoirs and bioProcesses are contained. Cell-bioModels are used for 
modeling prototypic cells of interest in a very detailed way through their functional structural components, 
which are constructed graphically through the various levels of other encapsulated bioModel that a 
cell-bioModel may contain in its subworkspace. but which at the end contain variables and parameters that 
allow to quantitatively simulate those models, or more realistically, constrained submodels within the cell, 
which can be selected by selecting any of the compartments at any desired level. The hierarchical encapsulated 
allows not only to display different levels of detail to focus only those parts of the system that are relevant to 
the user at any given time, but also allow to expand the model adding additional levels of detail whenever 
desired. Each cell-bioModel or any of its contained BioModels can be used as modules to build other 
bioModels with increasing degree of complexity. This modular and reusable building block structure gives the 
system great flexibility and transparency, while allowing to build very complex cell-entities. 

• As shown in F1C.24, each cell-bioModel (2401) has a subworkspace (2402) upon which are represented the 
characteristic phases of the cell cycle (2421), that follow a repeated cyclic pathway, or the cell differentiate into 
a different stage (2428), or may go into apoptosis (2430), a terminal stage. The cell-phases (2318 through 2322) 
are subclasses of the class cell-phase, the main defined subclass of the class rime-compartment (Table t>Va). 
but other types of compartmentali/ation are also possible by means of instances of the class time-submodel 
(2303. 2423. 2325, 2426). Inatances of the class biomodel-posl (2403. 2429), ant its associated methods (Table 
70) allow to connect those cell-phases with another cells-phases upon other ceil-bioModel. and to displav 
them. 

• GO-phase-compartment: in cell biology the CO-phase represents resting-cells. In this invention, this 
compartment also represents the background processes of resting-cells, but in addition it also contains all those 
background bioProcesses that are not specific for any particular phase of the cell<yde or which cross-over the 
boundaries of several of those phases. This compartment is frequently the starting point of a simulation and it- 
biol'ools are usually modeled by the default "normal" steady-state values of the variables and parameters of 
interest. 

- Cl-phase-compartment represents a state of cells after they have been activated by external factors, and mav 
be further compartmentalized into two or more time-compartments. For example: the Gl.l-compartment 
represents activated-cells or early-Cl -phase-cells which have recently entered the Gl -phase of the cell evele, a> 
characterized by transcription of early-response genes, expression of new receptors; while the 
G1.2*compartment or late-Cl -phase-cells, is characterized by transcription of late-response genes or 
increased secretion of specific cytokines or other signaling factors 

- S-phase-compartment. represents the state of cells in S-phase, characterized by DNA synthesis; 

- GZ-comparrmcnt: represent cells in the C2-pha»e, characterized by double DNA content and before entering 
mitosis; 

- M-compartmcnt: represents Cells in the M-pha*e. dunng the mitotic process: 
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juring which the new steady-state conditions are assumed, or, if activated by specific external signals they may 
$o back to b) with the new steady-state conditions as the base-line. 

• Each of the cell-Compartments comprises a subworkspace (2407) which in turn may contain vanous submodels 
(2408). Other local-submodels (2304) are also provided for other types of spatial compartmental^rion. The 
subworkspace (2409) of a submodel may contain other submodels (not shown), and submodels mav also contain 
biol 'rocesses (2410) or bioReservoirs (not shown). In the current embodiment, the bioReservoirs (2414) are 
preferentially hidden in a bioReservoirs-bin (2306, 2412, Table 66 ) that belongs to that submodel. 

• As shown in FIC.25, instances of the class cell- interaction (Table 71, 2327, 2501 ) encapsulate in their 
subworkspace (2502) the interaction of two cells (2503 and 2504), that use the graphic 
extracellular-components (Table 72a) to interact with each other directly by means of surface-component? 
(2505 and 2506); through the components that one secretes, secreted-components (2507), for which the other has 
specific receptors, surface-components (250S); and both interact with their environment through specific 
receptors (2509) for systemic-components (2510). As shown in FIC.26 , each of those components have a table of 
attributes (2616. 2620, and 2633), referring to an specific bioEntities (2624), bioReservoir (2626) and 
biol'rocess (2628) within the cell-bioModel, and are connected to the internal the mechanistic pathwavs. 
Clicking on those icons displays their menus (2618) from which options, the user can select the displav of the 
associated structures, as specified in the attributes. The different menu-oprions, and their associated procedures 
are listed in Tables 72c. d, and e). Tables 72b and f list functions that allows the modeler to automate the task of 
establishing the distant connections to those graphic structures. The interacting-cells (2503 and 2504. Table 71 ) 
in this interface do not contain a mechanistic model of its components, but rather refers to and displavs another 
cell-bioModel that store those mechanistic models. In this way, this structure is used as an interface to design 
interactions between other cell-bioModel, and new cells and other connections to bioProcesses or 
bioReservoirs can be establish. The external components, such as serum or incubation media, or single or 
lumped toxic-byproducts, for which there are specified or lumped receptors are represented bv a set of 
bioReservoirs, such as RPMI-Pool. serum-Pool, are connected to a bioProcess with a receptor-engine that has at 
least one bioProduct connected with one of the bioReservoirs within the cell. The funcnon of the bioEngine is u. 

compute the consumption an exhaustion of nutrients at a rate proportional to u, the specific growth rate. The 

byproduct-Poors concentration is used in turn to modify the value of u by multiplying it by a parameter 0<m<l . 

• Cells are represented in this invention in two different ways: as the class cell-bioModel composed of 
cell-Compartments, as described above, and as the class cell used to represent a cell as observed from the outside 
and including any defined, mostly external, characteristic markers, as shown in FIC. 26. that can be used to 
assigning that cell to one type of cells and to distinguish it from cells of other types. The instances of class ceil, 
with sets of stubs on the top and bottom of their icons, are used to classify cells according to a branching 
differentiation tree, as shown in FIG. 21, to define the many nuances between them that differentiate them from 
each other, particularly when following the almost continuous differentiation process. As an example, a 
Th2-lymphocyte is shown in FIC.26. An instance of cell may correspond to an instance of cell-bioModel. but it 
is expected that there are many more intermediary stages represented by the lighter cells, which represent the 
much lower level of detail most frequently available. BioReservoirs representing cell populations may refer in 
their Ref-bioentity attribute to a named instance of cell. One of the menu options for this class is "biomodel" 
which upon selection displays the subworkspace of the bioModel referred to by one of its attributes. 
Ref-biomodel, it any, and that option is only visible when such attnbute has a value. The class 
differentiation-pathway (2335, 2701, Table 73) provide structures that allow the modeler to manually build 
differentiation trees, such as the one shown in FIG.25, which are based on expert-knowledge to represent the 
sequential progress from one stage of differentiation to the next. The different stages through which a cell 
lineage goes through is a continuous process, which can be simplified with the representation used in this s\ stem 
consisting of discrete stages that represent different stages of differentiation, defined by characteristic and 
measurable phenotype, that follow a tree like longitudinal pathways. The cells in those pathways are ot the 
class cell (2602. 2705). and they contain further encapsulated detail, as shown in FIG.26. A cell contains 
information in a table of attributes (2605. and also encapsulated in its subworkspace, where the different icons 
are a cell-surface (2608), since this is a representation of the cells from the outside, and a set of components that 
allow that cell to refer a display characteristic markers and receptors that allow them to interact to the outside 
world, such as the subclasses or extracellular-components ( Table 72a), the surface-components (261 3). 
secreted-components (2617), and systemic-components (2612) in their environment to which thev respond. 

I* Inference and Simulation Structures 

• Functions are statements which define a sequence of operations th.ir are performed when the function 's nam* 
and arguments appear as part of an aenve expression. The tabular-tunction-ot-one-argument. a class defines 
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, within the Shell, has an important use in the domain of this invention. It allows to deal with situations when 
the algebraic relationship between two variables is not known, but the experimental data is available, and 
straight-line interpolation is optional. Tabular functions can also be used in other expressions, such as the 
rule: if the JProductl KISubstratel |) decreases then inform the operator that "|Substrate-l | may be inhibitory at 
high concentrations". 

• Relations are defined associations between two items which can be dynamically concluded and reasoned about, 
and in the current implementation of this invention, they represent physical and abstract relationships between 
objects, such as a-downstream-bioReservoir-of, the-downstream-BR-list-of. After being defined by the 
developer, relations are established transiently at run-rime by the inference engine. The dynamic reasoning used 
for query, navigation, and simulation depend heavily in the use of relations, in addition to the graphical 
connections. Physical and abstract relationships between two objects may be represented through relations 
which, after being defined by the developer, may be dynamically and transiently created at run-time by the 
inference engine. The existence of relations can be concluded and reasoned about, and the existing relations for 
a particular object can be also be listed using the "describe" option. Most of the relations are created during the 
initialization set of procedures, while others are created at run-time by the sets of procedures used during 
query, navigation, and simulation. The creation or breaking of relations are treated as events that are forward 
chained to rules that refer to the relations in their antecedent. Relation definitions are shown in Table 75 . 

• Domain-specific rules are used to conclude or to respond to the changing conditions in the world defined by the 
domain-specific knowledge structures. In the current embodiment, a rule has, in addition to its body that 
encodes the rule itself, a set of attributes that can be configured to establish its mode of operation and to define 
its restrictions, such as: whether it can be invoked by forward chaining and backward chaining, whether it may 
cause data seeking or forward chaining, focal classes and focal objects, priority, and its scan interval. Different 
types of rules may lack some of those capabilities. For example: a) whenever rules have no focal objects or 
classes, and cannot be invoked by forward or backward chaining, being only ev ent driven. One such went may 
be the a relation being established or broken. Other such event may be moving the icon by the user, which is 
frequently used in this application to either trigger the automatic configuration of the value of some attribute, or 
the appearance of the icons, or the position of the icons; and c) initially rules are first and onlv invoked when a 
knowledge-base is started, or when a subworkspace is activated. Therefore, the situations to which those 
rules applied, and the conditions under which they can be invoked, can be very much constrained bv the generic 
and specific sets of options and attributes of each particular instance. 

• Formulas in this system can be defined as expressions that define the relationships of a variable or parameter to 
otlier variables or parameters, in a way that when one variable or parameter changes the formula predetermines 
in which way other variables or parameters will be changed, either by the inference engine, in the case of 
general formulas, or by the simulator, in the case of simulation formulas. Ceneric simulation and general 
formulas are created as statements on workspaces and provide values for a whole class or group of 
bioVariables or bioParameters. in contrast with the specific simulation and general formulas, which are 
attached to the definition of one variable and apply only to that variable. The definitions of generic simulation 
formula for sets of scaled-valued variablesfTables 83 and 84). mixed-type variables and absolute-valued 
variables(Tjble 8h) will be discussed under the Simulation Mode heading. 

2. Modeler Mode: Creating the Virtual Models 

a) Menus. Palettes and Libraries 

• The Modeler Mode is made available only to those users who have rights to build or modifv the applications, in 
which case it is the default mode when the application is started. The modeler's tasks are all based on the basic 
paradigm of "Clone, Connect. Configure and Initialize", and consist of building and configuring graphical 
models of the structure of bioEntiries. as well as to design and build graphical models of complex networks of 
cross-talking pathways, which result from the modeler's actions of cloning, connecting and configuring sets of 
bioProcesses. bioKeservoirs, and bioEntities. To facilitate the modeler's tasks, the Modeler-Menu provides j 
way to organize and access the different components of the svstem. 

• F1C.16 shows the domain-menus associated with this mode in this invention, which are shown here a«ain in 
an overly expanded (pulled-down) way, for demonstration purposes. Selecting the "Help & Mode Menus" 
option (1601) allows access to the available user modes, which upon selection causes a change to that mode of 
operation and displays the specific domain-menus associated ivith that user mode, only for the window from 
which it is selected. Selecting Modeler Mode (1602) displays the contracted top layer of menu heads shown in 
the lower menu display, which additionally comprise the options "Palettes". "Structure Libraries", and 
"Pathway Libraries", which allow to access parts of the Virtual Models by selecting the desired options trom 
die menu, which usually requires navigating through a hierarchy or walking menus. The following discuvum 
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,)f this menu svstem also serv es the purpose of discussing how the building-blocks are organized in Palettes and 
now the iconic models build by the modeler are organized and stored in Libraries. The difference between 
Palettes and Libraries is that Palettes contain domain-specific and generic building-blocks built by the 
developer and to be used by the modeler, while Libraries contain application-specific models built by the 
modeler.and to be used by different types of users. Palettes are provided to allow the modeler to quickly create 
new instances from prebuilt generic bioEntities, bioReservoirs or bioProcesses, or any of their components, 
which comes with their corresponding default or no values, to be then configured by editing their tables of 
attributes. A facility is provided, called the Modeler-Palettes-Bin, with a button to automatically create new 
empty Palettes to be populated bv modelers, to allow them to expand and complement the built-in library of 
Duilding-blocks to satisfy their more specific needs. 

• The Palettes provide a large number of characteristic types of bioObjects, grouped by subclasses and organized 
in special subworkspaces of named go-to-sw buttons organized in the subworkspaces of another go-to-sw 
named "Palettes-Bin". Palettes are accessible through the domain-menus, and because of their defined 
user-restrictions, selection of any bioObject upon a Palette in Modeler Mode implies clone, which automatically 
results in a clone of such bioObject (including its subworkspace and all structures upon it, and all the further 
levels of encapsulation contained in their subworkspaces) to be attached to the mouse-pointer and ready tor the 
modeler to transfer it to the desired subworkspace. Selecting "Palettes" (1603) pulls down its options, which 
mav point directly to the palettes of important classes of bioObjects and also model-blocks, such as: 1604 points 
points to 2001, 1606 points to 2101, 1608 points to 1901, and 1616 points to 2301. In the case of classes with 
large number of building-blocks, those may be grouped further in a number of palettes that can be accessed 
through walking menus, such as when selecting "Molecules" (1610) displays an additional pull-down menu 
headed bv "Molecules" (1612), which options may now point directly to Palettes. Examples are shown in 
F1C.1 7, such as when selecting "Protein Components" (1614), the options of the walking menu generated lead, 
among others, to "Protein Domains" (1701), "Protein Motifs" (1706), and "Simple bioEntities" (1711). 

• Libraries comprise among others two types: 

- Structure Libraries, are hierarchically organized workspaces (1623) containing models of specific 
complex-bioEnrities (1624) that model the functional structure of molecules or molecular-complexes at various 
levels of complexity, and which can be accessed by selecting the options of the menu head "Structure Libraries" 
(1618). For example, selecting "Cytokine Library" (1620) displays the menu headed by "Cytokine Library" 
(1621 ), which options refer to libraries of different families of cytokines, and further selecting one such as 
"IL4.like Library" (1622) displays the library (1623) of the IL4 family, which contain several cytokines with 
similar structures, which prototype is TL4 (1624), which subworkspace contains several domains, motifs and 
groups. Those icons may be used to: a) be cloned and modify to build different but related structures; b) be 
placed in the subworkspace of protein-complexes, as shown in FIC.1S; or c) they may be preferentially named 
and copied, as described below, and the dummy copies that refer to the original are used for several of the more 
complex structures. 

• Pathway Libraries, are hierarchically organized workspaces (163(1) containing sets of related bioProcesses. 
such as those contained in the subworkspace of a submodel, and a bioReservoir-Bin with the bioReservoirs 
connected to those bioProcesses, where those bioProcesses and bioReservoirs are connected forming the nodes 
of a pathwav that mav be or not multidimensional!}' branched. The pathways included in the libraries are those 
that are common to several system, although they may require some modifications, and they can be cloned instead 
of being built from scratch. Alternatively, the "Pathway Libraries" (1628) menu may be used to hierarchically 
access anv submodel of the Virtual Model, as an alternative to interactively navigate through all the layers of 
subworkspaces involved. The options of the menu head "Pathway Libraries" (1628) point directly to 
submodels which subworkspaces are displayed. For example, selecting the option "ECF.R.Pathway" (1629) 
displavs the components of the initial specific steps of such pathway (1629) containing bioProcesses (1631) and 
a bioReservoir-Bin (1632). To conveniently handle large and complex pathways, the components can be 
partitioned into more submodels, by simply transferring related sets of bioProcesses and their correspond inc 
bioReservoirs to the subworkspace of a another submodel, without affecting the connectivity of the pathways 
in anv wav. When the application grows larger and the number of submodel increase . those direct 
domain-menus options are replaced by other options that lead instead to walking menus offenng as many 
hierarchical levels as necessary. Modelers can also clone submodels, in which all the bioProcesses organized 
in its workspace, together with the contained bioReservoir-Bin and all the bioReservoir organized in its 
workspace, are also cloned preserving the labels and any other attributes, but with no names, since names are 
unique. This means that all new bioReservoirs and bioProcesses have to be named (with the same basic name 
and different tags), and the connections have to be reestablished by naming the bioPosts and settin« the ref- 
attnbutes. a» discussed elsewhere for new sets. 
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b) Creating New Composite Objects 

• There are several altema fives for building new generic types of composite bioObject. One method comorises tn* 
following steps: a) an instance of the desired class, such as btoProcess, is created by selecting from the menu or 
the object-definition of that class the "create-instance" option and transferred to a workspace; b) the 
subworkspace of such instance is created by selecting from its menu the "create-subworkspace" option c) the 
desired set of instances of characteristic classes of visualObjects are created or cloned and transferred to such 
subworkspace; and d) the newly created instances are positioned and connected in specific wavs to conform to 
the destgns specified in this invention. A preferred alternative way is to "done" an existing composite 
btoObiect that is similar to the desired one. and delete and/or add components, as desired. The additional 
genenc building-blocks are added to palettes accessible through the domain-menus, and are used to create new 
instances or the same type by cloning such generic structures. Cloning an object in this invention means cloning 
also its subworkspace, and all objects upon its subworkspace, and any objects upon the subworkspace of each 
ot those objects, and so on. The modeler can then further individualized each newlv cloned instance by 
contouring the attribute tables of the superior object, or by configuring the attribute tables of the objects 
encapsulated within that superior object, either as attribute objects or as objects upon successive 
subworkspaces. 

• Furthermore, it is possible to create transient objects at run time in two wavs: a) bv using the "create a 
<class-name>" and "transfer" actions; or b) by using the "create a <class-name> bv cloning <instance-name>" 
and "transfer" actions, which is the equivalent to the clone option described above, and is the preferred wav 
for composite objects. Transient objects can be made permanent by using in addition the "make <instance> ' 
permanent" action alter the instance has been transferred to a workspace. This invention makes extensive use 
ot dynamically creating objects at runtime by cloning, such as when creating dynamic pathways, dynamic 
query-panels, dynamic query-output-panels, dynamic entry-panels, dynamic graphs, dynamic' lists, and so on A 
set ot partially prebuilt complex sets of structures, such as those required for the different types of panels are 
organized and stored in the subworkspaces of objects called bins, and used as master structures to be cloned 
and completed with additional context-dependent structures at runtime, as will be described under the General 
Mode and Simulation Mode headings below. 

c) Modeling bioEntities 

• The modular functional representations of structure that are novel teaching of this invention allow to represent 
the modular structural patterns so frequently used by nature. More specifically, the iconic structural 
representation is used to abstract the detailed structure of different molecules to highlight their similarities and 
to show that even prototypes for different families present several similarities. Abstraction is obtained in part 
by selectively hiding some detail in the subworkspaces of other components. That representation focuses on 
components and the way they are arranged that relate to their function, to offer users visual models that 
facilitate their reasoning about structure-function relationships. The components of a molecule are used bv the 
user to reason about its function, since the presence of given domains, motifs, or simple-bioEntities usually i« 
associated w.th described function, therefore directing the scientist s attention to further focus on those ' 
tuncnons. Furthermore, each of those iconic instances of bioEmities have their associated table* of attributes 
where the modeler can include additional information, data, and references to access other sources of 
information about those models, which can provide to the user a wealth of knowledge in the form or an intuitive 
and interactive v.sual database. The knowledge extracted from those models can be integrated in this invent.on 
with other forms of knowledge, related to the function of those bioEntities, provided bv the pathways related 
models. For example, the members of each family may be involved in similar mechanisms but result in verv 
different and even opposing effects, due to the participation of their bioPools in different pathways. That 
knowledge integration is performed sometimes interactively by the user, and sometimes programmaticallv as a 
result ot an interactive request by the user, depending on which of the manv capabilities of this invention is 
used. Each superior bioEntity represents the structure of a biochemical physical entity in a particular state 
such as different chemical modifications, different states of association with other entities, or the products of 
different mutations or artificial manipulation or quimeric constructions, which corresponds to the concept that 
different bioReservoirs hold molecules or complexes in different states. The structural and other tvpes or 
information about the units that form a bioPool, as provided in the corresponding bioEntities. is supplemental 
and is not necessary tor creation or navigation thought the pathways, or for simulation. This information ,* 
used independently of the pathways, or they may be used in combination, as in the compiex quene,. 

• FIC.17 shows the Palettes with representative examples of master instances of some of the different subclass 
ot protein-domain (1701 ). protein-motif (1706). and simple-bioEntity (1711), accessed through the walking menu 
of "Protein Components" Someof those building-blocks are verv generic or "empty" structures <ucn a, 
the examples shown or the subworkspaces (1703 and 1708) of caulytic-subunit (1702) and spacer (1707). 
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respectively, while others may contain more or less detailed prototype structures, in which case they are named 
master-structures, which may be referred to by the master-bioentity attribute of its copies, such as the example 
shown of the structure (1705) of a fibronechn.type.lll-domain (1704). In addition, like any other bioEntiry, each 
instance of these components have an associated menu (1805) from which options specific for each class can be 
selected to perform generic or specific tasks. Selecting the "table" option (1823) shows their tables of attributes, 
such as the examples shown for the tables (1710 and 1713) of a leucin-zipper-motif (1709) and a 
loss.of.function.protein.mutation (1712), respectively, providing options for the modeler to include additional 
information, which in this case is specific for each instance or copies. Clones of those instances can be combined 
in different ways to model, using the basic paradigm of "Clone, Connect, Configure and Initialize", at the desired 
level of detail, the structure of a bioEntiry. 

• In addition, to the standard Shell's "clone" capability which applies to every object, there is a novel 
domain-dependent capability associated with the class complex-bioEntity and all its subclasses. Selecting the 
"create-local" option (1824), which is restricted to Modeler Mode and when the bioEntity has a name and 
starts the et-create-local-proc (Table 89), allows the modeler to create local copies from any instance. The term 
clone means in this invention a complete reproduction of the original, with exception of the name, while the term 
copy means an incomplete reproduction that is usually stripped from the contents of the subworkspace of the 
original, but contains a pointer to the original and is used in conjunction with it. The master-bioentity attribute 
of the copies is automatically set to refer to the named master-structure. The dummy copies refer to the original 
when the "master-details" is requested, which subworkspace with the prototypic structure is displayed. That 
is, local copies of any complex bioEntiry (including bioEntity-components), may have private specific 
information in its table of attributes and in its subworkspace, shown by selecting the "local-details" option, 
while it is can also display the subworkspace of its master bioEntity. Simple-bioEntities do not have a 
subworkspace and do not have master-bioentity attribute, and the concept of copy does not apply to them. This 
implementation is preferred because of the advantages of avoiding redundancy, including saving storage 
resources, and allowing modification at only one site when the details of the structure have to be modified. 

• As shown in F1C.18, the subworkspace (1807) shown for a specific multi-unit receptor-complex (1804) contain* 
the icons of its various components, which may be copies, such as those referring to structures in the Libraries 
(1808, 1815, and 1817), or may be originals, such as for the simple components or some specific complex 
components (613, 619 and 621 are originals within the original master structures) Upon clicking on each of 
those components, their subworkspaces or the subworkspaces of their master structures are displayed on the 
screen, showing their structural composition. The level of detail is optional, and components at different levels 
in the hierarchy of subclasses can be connected to each other. For example, clicking upon a subunit of the 
receptor (1808, a copy) shows its structure (1809, from the master) composed of domains, other 
simple-bioEntities, and other optional auxiliary structures, such as those that may contain: notes about its 
function (1810), sequence (1811 ), references (1 812), or a GIF image of its three-dimensional structure (not 
shown). Any of those components may contain more detailed information, such as that displayed when clicking 
in one of those domains (1813), which structure (1814) is composed of other domains, spacers and other 
simple-bioEntities. Back to the main structure, clicking on a kinase ( 1815. copy) that form part of the complex, 
its structure (1816. from the master) may be represented by its two subunits, a regulatorv-subunit and a 
catalync-subunit. each containing or pointing to additional detail (not shown). Or the structure can be directly 
represented directly by it lower level components, such as when clicking on other associated kinase ( 1817), 
which structure (1818) is composed directly by several domains and other simple-bioEntitiej. Any of those 
molecular components may contain in their subworkspace any type of other relevant information, when more 
detailed structure is not available or not desired. For example, clicking on one of the domains (1819) shows 
(1820) differences in the sequence of a functionally important homology region of that domain for different 
members of that family of molecules (which allows to represent all members of the family by |ust one structure, 
by describing additionally the differences between the different members), while clicking on another domain 

1 1821) shows more information (1822) about conserved subdomains within that family. In general, 
simple-bioEntities may be linked to a motif, a domain or even to a subunit or a molecule. The structure mav tocus 
on only those parts of the structure that have functional relevance. If intermediary stretches within tne 
structure are unknown or that detail is not desired, they may be represented by domains called spacers 
Modeling Pathways 

• The bioReservoirs Palette contains prebuilt default instances of 

- bioReservoir-Bin. used to store a set of related bioReservoirs upon its subworkspace and prebuilt with the 
standard set of navigation buttons used on most subworkspaces, a iso-to-sup-obj-button and a 
hide-sup-ws-button. and a bioObject-title. which is standard for the subworkspaces of all bioModels as well a> 
of all complex-bioEntitie* 
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;ase tneir specific formula would also have to be defined. The output-1 of this block is also a variable for 
.vnich the modeler has to write its formula, to incorporate as arguments the newly configured attributes 

• As shown in EC20, the bioProcesses Palette provides the most representative types of generic bioProcesses. 
prebuilt and ready to be cloned and further configured. These preassembled and stored structures allow the 
repeated use of bioProcesses as building blocks of more complex pathways. Like in chemical systems, some 
bioProcesses are relatively simple and some may become more complex, but all are built with the basic building 
blocks (250 1 through 251 1). The modeler can, for example, clone a R2.L1 , which subworkspace f 2008) 
comprises one receptor-bioengine connected with two receptor.r (which may each be connected to different 
bioPools, if the active receptor is an homodimer of two equal molecules, or to the same bioPool, if an homodimer 
of two equal molecules), and one ligand.r at the top, and one bioProduct at the bottom. After transferring the 
clone to the desired workspace, the bioProcess can now be configured, by clicking on its icon and selecting its 
table of attributes. Selecting "details" from its menu displays its subworkspace and provides access to all its 
components, which can now be configured by accessing the tables attributes of the bioEngine, each bioReactant 
and each bioProduct, and each bioReactant-post and bioproduct-post. BioProcesses have 
activatable-subworkspaces, which means that any object upon such subworkspaces are not recognized by the 
inference engine or the simulator unless the subworkspace is activated. When new bioProcesses are cloned, 
their subworkspace are deactivated by default, and have to be activated selecting the "activate-sw" menu 
option available only when the subworkspace is deactivated. 

• An alternative to the Palette is to clone another existing bioProcess with similar characteristics and labels 
directly from a submodel, and then transferring them to the desired submodel and the configuring its components. 
Two menu options are provided to facilitate that task labeled "labeled-clone" and "clean-clone", which start 
either BP-labeled-clone-proc or BP-clean-clone-proc, respectively. The first procedure creates a clone of the 
bioProcess, and then sets the values of all the attributes except the label of all structures involved, including 
those of the bioProcess and of all the structures upon its subworkspace, to their default values. The second 
procedure calls the first one, and also sets the values of the labels attribute of all structures involved to their 
default values. 

• The bioEngines Palette and the bioReactants Palette shown in F1C.21 are provided for the purpose or 
allowing the modeler to. a) modify individual instances of bioProcesses cloned from the Palette, to accommodate 
particular infrequent needs; and b) to design new prototypic bioProcesses. by starting from a clone of an 
existing bioProcess and adding or removing bioReactants or bioProducts, or by exchanging the bioEngine for 
another of compatible type. The modeler may want to modify the Velocity attribute of any bioEngine, and to 
provide specific formulas to represent their favorite equations to best describe the process being modeled, 
which have to refer to the specific set of bioReactants connected to that bioEngine. Such newly designed 
bioProcesses may be stored as building-blocks in the appropriate Palette within the Modeler Palette Bin, as 
described. 

• In addition, the modeler may use a tabular-function (Table 74) as a look-up-table, from which the program is 
able to interpolate, to model a process by entering experimental pairs of values of the independent and the 
dependent variables in such table, such as a dose response. To facilitate that task, the menu opnon "create->u " 
is defined for the class bioEngine that starts the create-sw-for-bioengine-proc, which creates a subworkspace 
for the bioEngine by cloning the subworkspace of the bkiengine-sw-master, which contains a 
tabular-function-of-1 -argument and instructions for the modeler about how to use such a tabular-function 

• As shown in FIC.22, several steps are required to establish the connection between a bioReactant or a 
bioProduct and a bioPool. To facilitate this process, and more importantly, to reduce the sources of error while 
entering those values by the modeler, various methods areoffered to automate the tasks of: creating and naming 
or removing the names, of bioPool-posts, removing the names and the references of of bioRole-posts, and to >et 
the appropriate values for the ref-bioprocess of bioPool-posts and ref-bioreservoir of bioRole-posts. a> 
following. 

- The first step is to select the bioProcess (2201) and bioReservoirs (2205, 2207, and 2209) to be connected, if 
already in existence, otherwise they are created by cloning from the Palettes and named. BioPnxesses and 
bioReservoirs have to be named before their bioPosts can be named By selecting the "details" option (2203) 
from the menu (2202) of the bioProcess. and such of the bioReservoirs (not shown), their subworkspaces (2204. 
2206, 2208. and 2210, respectively) of each of them are displayed. 

- the menu option "add-top-post" (Table 92) defined for the class bioPool starts the create-biopool-p-post-proc 
(Table 92). which first scans for the first free stub of those defined at an even-numbered port Ip02 to pi 2) and ai 
if one is found, it creates an instance of biopool-p-post, and aligns it opposite to such stub within the first layer 
ot such biopool-p-post, b) if none is found, it then scans for the first tree stub of those defined at an 
uneven-numbered port (pOl to pi 1 ) and, if one is found, it creates an instance of biopool-p-post and aligns it 
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opposite to such stub within a second layer (more distant from the bioPool) of such bioPool-posts, and if none is 
round, then: i) it moves the existing biopool-p-post connected at the first port (pOl ) to a more distant position, to 
start the next layer, ii) it creates an instance of biopool-p-post and transfers it to the next free predefined 
position within that layer; and c) it sends a message to the modeler with instructions for making the specific 
connection. Then it calls the pool-post-name-it-proc (Table 93) and returns. The "add-bottom-post" functions 
in a similar way, but it adds instead biopool-r-posts at the bottom of the bioPool. 

- The next step is to connect each of the bioRole-posts (2212, 2218, and 2225) to a complementary and not yet 
connected bioPool-post of the appropriate bioReservoir. Here the first pair (2211 and 2212) has been alreadv 
connected, which is not apparent to the user. In most cases, this process will first require to create a new 
bioPool-post ot' the appropriate subclass, by selecting from the menu (2214) of the bioPool (2213) either the 
"add-top-post" option (2215) or like here, the "add-bottom-post" option (2216), which results in the automatic 
creation of an appropriately named bioPool-post, and its transfer to the appropriate position (2217), which is 
close to the next available free stub with the same cross-section pattern on the bioPool. The modeler has now to 
establish the connection to the bioPool by extending its stub and joining it to the closest free stub on the bioPool, 
and then establish the distant connection to the bioReactant-post (2218). Here is shown how such distant 
connection is established between and already named and connected bioPool-p-post (2219) and the 
bioProduct-post (2225). Clicking on the bioPool-p-post (2219) in Modeler Mode displays its menu (2220), and 
selecting the "table" option (2221) shows its table of attributes (2222). Note that the tables shown here for a 
bioRole-post (2222) and a bioPool-post (2228) are shown with all the values already set, as thev would appear 
for fully functional bioPosts. However, at this point in the connection process, the values shown for the 
"ref-bioprocess" (2235) would be the default value none, while the values of the "names" (2223) and the 
"label" attributes (2224), will be already set. The value of the "label" attribute, is set to be the same as its name 
in the case of all bioPosts .and is used at run-time when using the alternative simulations procedures, as 
discussed under the Simulation Mode heading. 

- The next step is to give the bioRole-post (2225) the same name as the name of the bioPool-post (2219) to which is 
to be connected. Here, this is accomplished by selecting either the "name" menu option (2227) or the "names" 
attribute value slot (2232) of the bioRole-post (2225) and clicking on the name-display (2228) of the 
bioPool-post (2219). Note also that any time the name of any object is edited, its name-display (2228) appears in 
the proximity of that object, and that name-display has text-insertion capabilities, in a way that whenever the 
text-editor is opened (which happens among other occasions when clicking on the "name" option of any object 
or on the value slots of the tables of attributes), clicking on such display automatically inserts its text into the 
slot or at the position of the cursor. In the current implementation of this invention, most name-displays are 
hidden by the developer or modeler after they are used, since the labels are used instead to provide a more 
flexible and user friendly method of recognition for those objects when one is desired. In the case under 
discussion, all the names of bioRole-posts are hidden, while only the name-display of the last bioPool-post is 
left as a means of also providing a reference to the name of the superior bioReservoir. 

- The previous step completes the basic connection process that allows the inference engine and the simulator to 
reason about those connections. The additional step that follows adds information to those connected bioPosts 
that is used by the program to quickly access the components on the subworkspaces of those connected 
bioReservoirs or bioProcess. even when the subworkspaces of those connected bioReservcnrs or bioProcess are 
deactivated, which may be the case when in Simulation Mode, and which would cause the svstem to not 
recognize those connections, since the system would not recognize the connected bioPosts upon such 
subworkspaces. A method is provided to facilitate and reduce the sources of error in setting such additional 
information. Once the bioRole-post (2225) and the bioPool-post (2219) are equally named, the 
"ref-bioreservoir" attribute (2234) of the bioRole-post and the "ref-bioprocess" attribute (2235) of the 
bioPool-post are automatically set to refer to each other's superior bioObjects, as their names indicate, bv just 
selecnng the "set refs" menu option (2229) of the bioRole-post, which is only available when it has a name. The 
"ref-bioreservoir" and "ref-bioprocess" attributes are in turn used by the program when the user selects the 
"show-br" option (2241) or the "show-bp" option (2242), which are available in the menus (2220 and 2229) ot 
bioRole-posts and bioPool-posts, respectively, only when those attributes have a value different than none. 

- Alternatively, connections can be changed and previously connected bioPosts can be recycled by using 
consecutively the following set of menu options: "unname-it" (2219) of the bioPool-post which only appears if it 
has a name, "unname-it" (2229) of the bioRole-post which only appears if it has a name, and "name-it" (2221\ of 
the bioPool-post which only appears if it has no name, which tasks are obvious and described below, followed 
by clicking the name of the bioPool-post into the name slot of the bioRole-post and selecting the "set-refs" f222t>) 
of the bioRole-post. as described above tor new connections. 
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• fi more detailed description of those methods, with references to their definitions follow: 

- the menu option "name-it" (Table 93) associated with the class bioPool-post is only available when tht 
bioPool-post has no name, and upon its selection by the modeler the pool-post-name-it-oroc is started. This 
procedure gives the "names" attribute of the bioPool-post a name composed of the base name of the superior 
bioReservoir (removing the ending BR tag) followed by the default value of the "label", which is a reference to 
the class and relative position of that bioPool-post, such as PP4 referring to bioPool-j>-j>ost connected at port 
p04. and also colors the face-color region of its icon. 

- the menu option "unname-it" (Table 94) associated with the class bioPool-post defines an option which is onlv 
available in the menu when the bioPool-post has a name. Upon its selection by the modeler it starts the 
poolpost-remove-name-proc, which changes the values of the names and the ref-bioprocess attributes of the 
bioPool-post to their default value none, removes the base-name from the value of the "label" restoring it to its 
default value, and resets the face-color of its icon to gray. 

- the menu option "set-refs" (Table %) is associated with the class bioRole-post. It defines an option which is 
only available in the menu when the bioRole-post has a name, and upon its selection by the modeler it starts the 
rolepost-set-refs-proc, which changes 'the values of the "ref-bioreservoir" of the bioRole-post and the 
"ref-bioprocess" of its connected bioPool-post to equal the names of the bioReservoir superior to such 
bioPool-post and the bioProcess superior to the bioRole-post. respectively. 

- the menu option "unname-it" (Table 95) associated with the class bioRole-post defines an option which is onlv 
available in the menu when the bioRole-post has a name. Upon its selection by the modeler it starts the 
rolepost-remove-name-proc, which changes the values of the "names", "label", and "ref-bioreservoir" 
attributes of the bioRole-post, and the "ref-bioprocess" attribute of the bioPool-post, to none. 

• The metabolic and regulatory pathways of cells and organisms are composed of a large number of processes. To 
simplify the overall structure of the system, or when the intermediary detail is unknown, it is possible in the 
currently preferred embodiment of this invention to consider parts of such pathways as black-box-bioProcesses 
with inputs and outputs connected to other modeled pathways or to other black -box-bioProcesses, which are 
not modeled in detail. If and when it is desired to model disturbances at specific points in the pathway 
represented by a black-box-bioProcess, it can be split into the pathway before and the pathway after the 
regulated location, which is represented by a normal bioProcess, with the two new pathway segments now 
represented by two new black-box-bioProcesses, and the segment where the disturbance occurs to be defined 
and modeled. 

• In addition, it may be desirable to model a pathway as a single lumped bioProcess. Such may be the case for an 
enzymatic pathway for which: a) the details may be unknown or not desired, b) only the inputs and the outputs 
are relevant, and c) sufficient quantitative or qualitative information is available about the rate limiting 
enzymes and the inputs. Because of metabolic and energy/ mass conservation constraints, only a few of their net 
conversion rates are independent variables, and the others are mutually dependent, various of those reactions 
can be combined and the pseudo-steady-state approximation of the combined process can be used instead. For 
these cases, the currently preferred embodiment of this invention provides enzyme-bioProcess subclasses with 
two or more enzyme-bioReactants. with their Velocity depending only the Concentrations of those enzvmes. 
together with the substrates that are inputs to the pathway and the products are outputs of the pathwav, 
ignoring the intermediaries and other participating enzymes. The following are examples of overall rates ot 
synthesis resulting in the production of a cytokine, IL2, as a cellular response to its binding ot another 

extracellularly provided cytokine. lFN-a. that could be represented by a set of bioReservoirs and 
biol'rocesses, to represent each of the terms of the equation: 

- rs(TF-ir\-a> = ki * [IFN-a| and 

- rs(mR.\A-iL2) = k: * (TF-IFN-a|; or rs<«.R\AiL:) = I* kj (IFN-a) / 1 * k.. |IFN-a|+ k s; 

- r*!L:) = k?*|mRNAlu:|; 

e) Biochemical Modeling Techniques 

• To be connected to each other and integrated into pathways. bioReservoirs and bioProcesses must have unioue 
names. 

• For bioReservoirs that represent the input into the system of a synthetic agonist or antagonist: a) the 
Concentration has: a) a normal default initial value of 0.0. b) has no modeled inputs from biol'roce>^s. and ci it 
may be modeled by a model-block. However, quantities of that compound may be transferred to another 
bioReservoir in a different compartment, and that latter bioReservoir is a regular one. 
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• Different types of inhibitors may be modeled in a variety of ways to show different behaviors, usually 
jivoivirtK a complex-form-process in which the resulting complex would have different characteristics: 

- A competitive inhibitor and the substrate are mutually exclusive, which means that EI does not bind S, but it 
may result in E + S + 1 <-> ES + EI-> P . This type of rev ersible competition is best modeled as one enzymeEngine 
comprising enzyme. r, substrate.r and inhibitors, and a bioProduct. with its matching standard kinetic equation. 
The intermediary complexes may be modeled if desired by editing the value of the time-lag, to account for the time 
the E, S and I spend in the complex forms ES and EI, not explicitly modeled otherwise. The same approach can he 
applied to any other class or type of bioProcess, when appropriate. 

- .An irreversible inhibition is equivalent to enzyme removal from the system, with the Vmax reduced, and it is 
therefore best represented by two parallel bioProcesses, of different classes: a) an enzymeProcess for E + S -> P. 
and b) a complex-form-process for E + I -> EI. The production rate of P is influenced by the Concentration of S. 
directly, and I, indirectly, while the production rate of EI is indirectly influenced by the Concentration of S. It 
may also be represented by one enzyme-process containing enzyme. r, substrate.r and inhibitor.r, and two 
biol'roducts (E + 5 + I •> P + EI), with its matching standard kinetic equation. 

- An uncompetitive inhibitor may bind reversibly to the ES complex yielding inactive ESI complex, but it does not 
bind to enzyme alone. This model needs some modifications of the regular bioProcesses, because it requires 
access to an intermediary complex that is not explicitly modeled in the system of this invention in a standard 
enzyme-process ( E *■ S * 1 -> P). This type of reaction may be represented by three bioProcesses, first in series 
and then in parallel: a) complex-form -pmcess: E + S -> ES ; b) enzymeProcess: ES -> E + P; and c) 
complex-form-process: ES + 1 -> ESI. It may also be represented by one enzyme-process comprising enzyme.r. 
substrate.r and inhibitor.r, and one bioProduct ( E ♦ S + I -> P), with its matching standard kinetic equation. 

- A noncompetitive inhibitor and the substrate do not affect each other's binding to the enzyme, however the 
trimenc complex SEI f ES * I -> SE1 or EI + S -> SEI) may be inactive. The main effect is a sequestering of either 
enzyme or both enzyme and substrate, and the Vmax is reduced. This type of reversible competition is best 
modeled by three different bioProcesses: an enzyme-process E + S -> P (a), and two complex-form-process: E + I 
-> □ (b), and E + S + I-> SEI (c), where (a) and c) have the same Ks and (b) and (c) have the same Ki. It may also 
be represented by one enzyme-process comprising enzyme.r, substrate.r and inhibitor.r, and three bioProducts ( 
E-t-S+l->P + EI + SEI), with its matching standard kinetic equation. 

- A mixed-type inhibitor I is such that reversible binding of either I or S to E changes the Ks or Ki of the other bv a 

tactor u. yielding ES, EI and inactive ESI complexes. It may be best represented by three different bioProcesses: 
an enzyme-process E ♦ S -> P (a), and two complex-form-process: E + I -> EI (b), and E ♦ S ♦ I -> SEI (c), where 
(a) and (c) have different Ks and (b) and (c) have different Ki. The Ks' of (c) may equal the Ks of (a) multiplied 

by a, or similarly, the Ki' of c = ct'Ki, where a is a cooperativitv-coetficient that may be introduced as a factor 
in the formulas of the respective Ks or Ki. 

• Different types of feedback regulation by downstream products is represented by different sets of bioProcesses 
As examples are given the following cases of feedback inhibition by more than one product: 

• Cooperative or synergistic inhibition is when mixtures of Pi and P: at low concentrations are more inhibitory 
than the sum of inhibitions by each at those concentrations, and at saturating levels of either one of the products 
Pi and P:, the velocity of the reaction may be driven to zero. It means that both Pi and P: can combine with E 
simultaneously to form EPtP: complexes. This system may be represented by 4 bioProcesses: an 
enzyme-process: E «■ S -> P (a), and three complex-form-processes: E * h -> Ell (b), E ♦ I: -> EI: (c) and E + li ♦ 1: 
-> Oil: (d), , where h = Pi ,and I: = P:, and where (d) have different Kit and Ki: than (b)and (c)(the K'ii of (d) 

= a'Kii, and the K'i: of (d) = (J*Ki:, where a and (J are cooperativity-coefficientsl. 

- Cumulative or partial inhibition is when each end product is a partial inhibitor, and a saturating level of one 
alone cannot drive the velocity to zero. Each of ll or I: alone, either increases the Ks of S (partial competitive 
inhibition) or decrease kd of E (partial non-competitive inhibition) or both (parnal mixed-type inhibition i 
True cumulative inhibition results in the second case, where the total inhibition factor is il = it * i: *(l-ii I 
This type of reversible competition is best modeled by three different bioProcesses: an enzyme-process: E ♦ S -> 
P(a), and hvo complex-form-processes: E ♦ ll ♦ !:-> Elil: (b), and E * S * ll + l:-> ESliIi (c), where (a) and c) 
have the same Ks and (b) and (c) have the same Kil and Ki:. It may also be represented by one en zyme-pn«e>.» 
comprising enzyme.r, substrate.r. inhibitorl.rand inhibitor2.r. and three biol'roducts ( E + S * h * I: -> P - 

El it ♦ ESIll: ), with its matching standard kinetic equation. 

- Concerted or multivalent inhibition is when both end products hav* to be present to be inhibitory, and timer 
alone has no effect on E. It means that either EIil: does not bind S or ESI ll: is inactive. It may be repre?*med in 
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two a tematwe ways, either by: 1 ) two bioProcesses: one enzyme-process: E + S -> P (a) and one 

comp ex-rorm-processE.I,*!:^^.:^,; or 2) one enzyme-process: E ■»■ S + li + l: -> ESIil: (c) In bo»h(h, 

TJ^ 0 :T«7 c ndaRl kinetiC f? Uati °" S ^ • <™ » «P-m the concert ecfe^, Ji, ^ h t 
« proport,onal to the Concentration of Ii multiplied bv the Concentration of 1- 

i'+i- till: ♦ ESIik ), with its matching standard kinetic equation 

£Z£ ^ TT y Preferred * mbodim «" <* -is invention provides enLe-bioLte^a^ ^h 

r.,n » i i \ b ° X * K> ' and aw 8«n«rallv not modeled. The black boxes are 

uhere thedisturTanceoccurs K^SZlZT ^ ' 

0 B Handling Challenging Aspects of Madding Complex System*' Behav.or 
• Modeling Internal Mechanisms of Cells 

" 2l fra a n n dT ^r^^T COm P artmem * » apartment j does not happen at once, but rather tolk»v< , 

where K nu is the rate constant tor process.ng in the nucleus or the rate constant for trans c^frl lh . 'J^' 
to the ER or both lumped together. For steady-state balanced growth, where u=0 and rp(,> is the rate or 
transcription .n the nucleus (molecules/hour/cell): [RNA I m-„Krt/K T h. JI 

1 ' w,, '^ M Wjsl^-^0/N nu - The additional eouatii»n> that 

■ l x ll =?XriXiI 0 *e- R ' '(thisisER) 
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- ;X 2 | = *X 2 /$ X 1 ' ( x l)o* (••* 1 ' t V k2 * t 'r k^/ (k 2 -k n ), where t'-t-d! (this is Colgi) 

- |X 3 I = ?X 2 /§X 1 'IXtIo* (-(e' krt "-l)/k 1 + (e" k2 * 1 ' -D/kj)/ (k 2 -k!), where t"=t-d 1 -d 2 (rhis is extracell. 
comp. tor secreted proteins) 

- On many occasions, the newly generated molecules are secreted, while on other occasions, the newly peneratec 
molecules are retained in the cell, either to maintain housekeeping functions, which are usuallv included in the 
steady-state and no implicitly modeled, or they result in new cellular functions, in which case, its mechanisms 
are graphically modeled. If this response results only in proliferation, the inference engine may monitor the 
simulation of the cell mechanisms, and based on the values of certain variable or sets of variable, mav cyclically 
activate the next phase-compartment in the cycle. However, if the response results in cellular differentiation, the 
inference engine activates a different cell-bioModel, if such exits, that represents the new stage of 
differentiation, or will send a message to the user otherwise. 

- The different bioProcesses in a cellular bioModel may be activated for different periods of time, if placed within 
sequential time compartments, but they will be overlapping with many other bioProcesses contained in the 
GO-phase-compartment, which are not deactivated during a simulation. BioReservoirs that may be participate 
in two different sequential time compartments are preferably located and contained within the 
CO-phase-compartment, to maintain the continuity and to carry over the values of its concentration / density / 
scaled-amount from one sequential discrete rime compartment to the next. These temporal compartments 
represent somewhat defined cellular phases with different activities. 

- Mechanisms that are well studied in one animal species can be interpolated in the pathways of other species 
where the pathway may be less understood, such as in humans, by cloning the submodel containing the 
bioReservoirs and bioProcesses from the first species and transferring to the appropriate compartment of the 
second, and then renaming and reestablishing the appropriate connections. For instance, the genes that 
panicipate in programmed cell death or apoptosis in the nematode C. elegans have been identified, and it 
appears that ccd-9 acts by inhibiting crrf-3 or cod -4 activity. Since the human bcl-2 is also active when inserted 
into C. elegans (Vaux et al.. Science 2SH: 1955) and it is also believed to be the homologue of ced-V. a model 
equivalent for that for the interactions of ced-9 with ced-4 or ced-4 can be also constructed for bcl-2 with 
ced-3-like or ced-4-like. 

- BioPools that represent points of entry for non-physiological substances, such as drugs or synthetic agonists, 
antagonists or inhibitors that are not produced within the cells, at the compartment where it is first introduced 
have the following characteristics: a) they receive their values only from external sources, such as a 
simulation-panel, initially, the concentration equals the external input, and therefore £ inputs = entrv Value; b) 
they have a basalConcentration value of 0, c) they have no schematically modeled inputs, d) e) thev mav have 
several schematically modeled outputs, through modification- and translocation-bioProcesses. in addition to the 
decay term that represents diffusion, degradation and dilution, and e) the quantity variables of those biot'ools 
cannot obtain values higher than those inputted by the user, but may get smaller over time due to the outputs and 

the decay factor ( | As|*(u+I outputs) S ientry|). When that compound is modified or translocated to another 
compartment, the latter's is a regular bioPool. but still constrained 
• Modeling Cell Population Dynamics 

- There is a number of ways of modeling and simulating cell population dynamics, using this invention. A number 
of attnbutes defined for the classes cellReservoir, cellPool, cell bioModel. and other bioOhjects can be used to 
hold parameters and variables to be used for that purposes. Following the teachings of this invennon. other 
attributes can be similarly defined and used to better meet any particular biological svstem to be modeled, or 
hypothesis that a user may want to test, or to meet the needs for any monitoring or control svstem that use those 
biological models. Some examples are presented beiovt . 

- The state transitions are represented in the system of this invention by translocation bioProcesses between two 
biol'ools. each containing entities in the former and in the latter states, at a rate that is determined with one or 
three approaches: a) mechanistic approach; b)probabilistic approach; or c) deterministic approach. 

- In the mechanistic approach, the rate of the translocation process will be dependent on the dvnamicaliv 
changing values of certain variable or combination of variables, implicitly modeled inside an indicated 
cell-bioModel, reaching some threshold values). With this approach, the high-level models mav be integrated 
with the mechanistic models, representing both the spatio-temporal integration in a single cell-bioModel and the 
quantitative data about populations of such cell modeled. This mechanistic approach is currentlv difficult to 
implement tor the particular domain selected for this invention, since there is not sufficient information 
avjilahle. This approach can be implemented with better known svstems in other domains. 
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• For some s.mpl.fied « v.tro b.ological systems, such as oocyte extracts. a mechanistic approach is used to model 
a trans.non which mechanism is known or expected, such as the role of the interpla v between cvdin-B2 and the 
phosphorylated and dephosphorylated forms of the cdc2-kinase in the transition from the C2 to'the mitosis 
phases of the cell cycle. The rate of increase in the number of cells with a cdc2"cvclin (cc)level greater that * ,n 
a given cell cycle phase - tract,o n of cells in that phase (G,) • (the rate at which cells within that phase reach a 

^pha^T ,t?Vel <|CC ' grCater ' hat " " *• r3,e " WhiCh W ' th cdc2 '> din ^ »hat „ leave, 

'^"^ Theratesofgrowth 
m eukarvote, and the rates ot translation from one ce.l-state-pool to the next can be represented as a Lar or 
non-, m ear funct.ons ot the concentrations of specific molecules, such as externa, regulator factors. regulator* 
mZot^ > r iP T ,hC h mRNAs - «» m P'*< * « «"»■** protein L determines the trans.tion £m one 
«.me<ompartment toanother. then the expression of the mRNA forLcould regulate that trans.tion. Furthermore. 

the S™th-»te u can be represented as a linear function of the concentration of a given specific mRNA . and the 
rate of mRNA transcription can be represented as a non-linear function of the concentrations of two or more 
growth factor, (or other regulators), or ,t can be assumed to be a combination of growth associated and 
stimulus-dependent kinetics. In turn, the steady state values of all enzyme synthesis rates and the total specific 
RNA level are a function (linear for RNA) of the steady-state specific growth-rate u. The total RNA can be 

"SJa* TT^Z "I** gr ° W,h reS ° UrCfeS ° f the Cel,s < since th * abilit >' t° increase a stimulus-induced specific 
nl A ,S i' m,t, f * ** ammmt 0t Svn,hesis P™*™' "M* turn is limited bv the amount of total RlsJT 
Because the relatively high rate of RNA turnover and the dilution effect of cell growth, the (sRNA I responds 

SWM-^TZI ^ ^ *« mM °*°' Wi * » »™» ^ -e samuUfiector! the rlT^rte 
, r» I ' 3 C ° nStam WhiCh U inVerSe '>' P ru ^nal to the total RNA of the cell (CopeHa 
S B !Tf B ' 0eni! - 35 J56 - 374) - Wi,K the S " V5Nfm ° f * is the modeler would ck£rEm 

ol ow inel" t " bk,ProCeSSeS 0f *• *PP™P-* typ- o represent the different termtoHh 

Sd^Tl t" tn,nS ' erred t0 ^ aPP,0pnate «»"P""»"* connected and contoured 

and des.red xalues are g,ven to the model parameters. The following equations have to be adapted for use in the 

simulation formulas of the system of this invention, (u - k x • (|mKNA| - |mRNA|o)-> (1 /h) = (gX/gRNA) • 
(gRNA/gX/h); i . k x /< u ♦ k/|mRNA|o/|X]). where k x is the rateconstant for mRNA transcription 
(gRNA/gX). - is the time constant (gX/gRNA), and |mRNA|o/|X| is the specific |mRNA| at u-0. The growth 
rate can also be viewed as the sum of all rates in one simple anabolic pathway divided bv the total mass 
(growth from glucose in bacteria): M=(Irj)/|X|. The number of generations: * = log(2,((X - Xo)/Xo)) 

" Lli^'^™™:* C 1 , « M, '««I C, W ^M-r^Sri-W*), where >. G, rx) and «<x,are 
the trequency funct.ons describing the cc content distribution for cel.* hC, and C, ->5 trans.tion. rJp^ltw 
and UC V >S) .s the rate constant that describe that transition: r(C r >S) = u / <N 0 - G, ♦ *| r<<;->Co, - 
u/S'(N n «-C 2 ); r^-^l-u/ C 2 * N 0 

• The following equations are examples of how overall rates of synthesis can be used to implement MackW 
here each of those equations provide the value for the Velocity of the black-hoxe* to be represented bv the " 
corresponding type of bioProcesses: for IFN-a -> JL2 : rs(TF-tFX-«) = ki -|IFN-cx|and rs(n,RVA.| L :, = k: • 
ITF-IFN-ol ( or rslmRNAiU) . H ka |IFN-a| / w k. [rFN-u|+ k.;); rs(lL:) = k? • fmRNAlL;). 

- By using the concentrations variables of sol-mol-pools, expressed as moles per volume un.ts rather that ~ r c *|| 

ST* * adi t ' ^ S,Mdy ' SU,te """^ W " h *™ h ^-onst.n.hve en^.nc t 
assumed that ba*««. at the same rate, while for regulated enzymes, the dilution effect .s more apparent 
s.nce.t .snot paralleled by synthesis. In thecurrent implementanon focus.ng on regulator presses Z« ' 
most ot them take place in the form of large motecular complexes, highly localized in some parts of the cell it 
would be more meaningful to use the defined density variables (molecules per all). To svnchroni/e the ' 
simulation from the intracellular to the cellPool level, the quantities of all the bioPools of extracellular 
molecules are halved at each cell division transition. In addition, specific rates are rates per cell, and total rates 

TconTr T mU,riP,ied " V denSity " ^ Ce " C ° m P° n '"* ™y «"^hout the c I cvc 

a continuously a, a constant rate, b) a, a rate that doubles when the DNA is replicated, c, at a progressively 
uureasmg rate wh.ch follows f.st-order kinetics, or d» diKonmuouslv. according to a sequence ^ven < 
which changes the rates in a complex partem. 
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- When the mechanisms are unknown, a deterministic approach may be taken with the transitions modeled as a 
time-dependent events. As shown in Fig 2, the cell-phase compartments, which are holders of mechanistic 
models, also have an attribute "interval" to hold information about the experimentally observed duration of 
that phase of the cycle, which can be used during a simulation-run to deterministically deactivate such 
subworkspace when that period of time has elapsed since the subworkspace was activated, or whenever any 
type of known constraints are met. In the deterministic approach, the rate of the translocation process is defined 
by a rate constant, which may have a constant predefined value, or its value may be variable and set at run-time 
by a simulation formula, an expert rule, or procedure, such as one that reads the phase's "interval" just 
described, or it can be modeled by a model-block. The transfer of cells from cellPool i to cellPool j does not 
happen at once, but rather follows a Gaussian distribution, which may be modeled using the corresponding 
model-block. 

* Following is an example of a high-level representation of the effect of some drug on cell growth, when there is 
partial mechanistic knowledge available, but where most of the many other steps in the pathways leading from 
the external drug to the regulation of cell growth are unknown. In a system where enzyme X l produces a soluble 
substance c which is used in the formation of active enzyme X:. If Xi and Xz represent the total amounts of Xi 
and X: contained in n cells, and if X; is the component which, upon reaching a threshold, determines the 

occurrence of cell division, so that n = PXz, where (J is a constant, then, assuming steady-state, when c remains at 
a steady concentration and therefore the formation of X: is proportional to [Xl|), follows that: d(c]/dt a 

A(Xi/n)-D(Xi/n)|c]-C[c]=0, (1) where A, D, and Care constants From (1) it can be said that c = PXi/Xj, 
and following a set of derivations it results that the growth rate is: k = d(ln n)/dt = d(ln Xz)/dt. If now c 
decreases from the action of some drug, then Xi which is proportional to [c| decreases. The cell growth rate 

dn /dt = (J dXz/dt will also decrease. The effect of the drop in c is an increase in Xi relative to X2, until a new 
level of Xi is reached that restores the cell growth rate to its initial value. In the representation used in this 
invention: 

- the 1st term is represented by an enzyme-bioProcess corresponding to the formation of c by Xi, where the 
enzyme-bioReactant would be connected to the biol'ool of Xi, the substrate-bioReactant would be connected to 
the bioPool of the precursor of c, and the bioProduct would be connected to the bioPool of c; 

- the 2nd term is represented by an complex-formarion-bioProcess corresponding to the consumption of c in the 
formation of X: from c and other subunit(s), connected to the appropriate bioReservoirs; and 

• the 3rd term could be represented, depending on the specific biologic mechanism to be modeled, by: a) a 
complex-formarion-bioProcess corresponding to the consumption of c in the formation of a complex leading to 
the loss 01 c by degradation by a ubiquitin-dependent mechanism, connected to the appropriate bioReservoirs; or 
b) a translocation-bioProcess, representing other mechanisms of loss of c, such as by diffusion, connected to the 
appropriate bioReservoirs: or c) implicitly represented by the degradation-coeff within the formula that 
determines the current amount of c. which includes a term with default degradation. 

- in this system, the scaled-amount set of variables is used, because what is relevant for the behavior of the system 
are the relative value of X2 in relation to its threshold, which determines cell division, and the ratio between 
X1/X2. which regulates the rate of production of Xz. and not their absolute amounts. 

- the value of the number-of-cells attribute of the cell-bioModel that contain those bioProcesses and their 
corresponding bioReservoirs, is doubled when the scaled-amount of the bioPool of X2 reaches the threshold, and 
at the same time, Xi, Xz are halved while |c| remains constant. 

- The above example is an oversimplification, and in fact much more is currently known about the mechanisms 
that determine the initiation of mitosis, in which complex interdependences are involved, such as the equivalent 
of X: . a complex, regulating not only the rapid increase in its production by a positive feedback loop upon the 
equivalent of Xi, but also X; regulating its destruction by activating an enzyme in the ubiquitin-dependent 
mechanism, and X: regulating its inactivation by activating another enzyme that converts Xi back to c. In 
general, in the absence of diffusion, the simple case that might produce organization in time is that of two 
concentration variables, Xi and Xi, where the value of each is dependent on the value of both, such as when: 
d[Xi|/dt = vi (Xi^:); and dlX:|/dt = v: (X\*:). 

- Other high-level physiological events can be modeled in a similar manner, such as considering different cells 
subsets (i.e. neutrophils) changing compartments (intravascular -> interstitial space during inflammation) as 

induced by cvtokines (i.e. TNF-a. which is produced upon activation by macrophages, neutrophil:, 

T-lvmphocytes. natural killer cells and mast cells), in chemotactic-biol'rocesses. The time-period that a cell 
subset stavs in such a compartment depends in part on the expression of adhesion proteins (such as E-selectin 
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ELAM-1) or 1CAM-1 by endothelial cells, which expression is induced by TNF-a), that will be components of 
-eil-interaction-bioProcesses. 

• Modeling Progression through Different Cell States: The Cell Cycle and Cell Differentiation 

- Each cell-phase has two attributes called the Generation-number (<t>) and theNumber-of-cells(N. per volume 
unit). At each cell division at the mechanistic level, that is, when the subworkspace of the M-phase compartment 
is deactivated and optionally the subworkspace of the Gl -phase compartment is activated, predefined expert 
rules set 4> « * +1 an d N=2n for each cell-phase of that cell-bioModel. Another attributes called Mass-per-cell 
(X), can optionally be given a value and used to calculate specific values as a function of cell mass in which 
case predefined expert rules (Table 78) set X = X/2 for the Co-phase, and the Gl-phase if applicable, of that 
cell-bioModel, and then the value of that attribute would be modeled as dependent on time or as dependent on 
any other variable(s), such as the concentration of some specific mRNA(s) or protetn{s), until reaching again a 
value of X or close to X. In turn, the value of X can be used to adjust other quantities or to control the actuation 
and deactivation ot the subworkspaces of each successive cell-phase of that cell-bioModel. making it dependent 
on cell-size. The equivalent at the population level at mitosis is that n cells from the M-phase bioPool are 
translocated to the CO-phase (or the CI -phase depending on the situation) bioPool while multiplied bv 2 so that 
the COT CI )-phase bioPool receives 2n cells. 

- F1C.13 is a representation of the mechanistic approach, and attempts to represent on paper what can be 
achieved dynamically at run-time applying the innovations of this invention. If we assume that a cell is in 
Co-phase state and focus on that state s sub-workspace (1301), and there we assume that variables represented 
as Z and W have received the values z and w. respectively, then following the implementation described in this 
invention, a rule will be invoked (1102) that will activate the subworkspace of the Cl.l-phase (130"!) 
compartment. Activation of Cl.l-phase.sw implies that all the variables and parameters encapsulated within 
the b.oOb,ects contained upon that subworkspace will be available to the simulator, and the data flow can now 
continue through any branch of the pathways represented there. Therefore, upon required events being 
satisfied, such as 2 and W reaching certain thresholds -which could be an effect of binding one or more growth 
factors to their receptors on the cell membrane-, the cell makes a transition from the CO to the CI .1 phase. The 
subworkspace of the Cl.l-phase remains activated during the whole simulation run because itcontains all 
those hoProcesses that are not cell cycle specific. Focusing now on the simulation of the Cl.l-phase (1303) 
two expert rules could be invoked, saying that "Whenever variable A receives a value a > ol then activ ate ' 

CI 2-phase.sw" (1301), or "If X and Y receive values x > »2 and y > *3 then activate Differentiated-Cell.sw" 
(1305) and depending on which one is invoked first, either the subworkspace of the C1.2-phase (1306) 
compartment or the subworkspace of the Differentiated-Cell.sw (1307) compartment will be activated since the 
subworkspace ot the Cl.l-phase (1306) compartment will be deactivated bv another two expert rules that state 
that "Whenever the subworkspace of the C1.2-phase (or Differentiated-Cell) is activated then deactivate the 
subworkspace ot the Cl.l-phase". This way of reasoning apply to the other cell-phases as well with the 
difference that the options vary for each cell-phase. For example, the C1.2-phase (1306) and S-phase ( 13M1 mav 
be committed to only one option, with the time for progression to the next phase being determined bv one ruie a* 
shown, while the C2-pha*e (1309) and M-phase (1310) have two options, and which one will be activated ■ * 
controlled by two rules, as described above. One of the options. Apoptosis (1311) is a dead-end stage 
representing regulated cell death. While in M-phase (1310), a live cell's program tells it, before or during cell 
division, to continue proliferating, in which case one or both the daughter cells entering again the Cll -phase 
by acmanng the subivorkspace of the Gl .1-phase, or to exit the cell-cvcle. in which case the simulation 
continues with only the Co-phase. Note that the options for each one of the cell-phases have been predefined bv 
the characteristic number of stubs for each subclass . 

The dynamics system diagram in that figure is used to represent that the defined attributes of the subclasses <>f 
cell-phase contain a variable that allows to keep track of the proportion of the cells, from the orig.nal number 
on Co-phase, are progressing through the phases of the cycle, as an alternative to build a model with a set ot 
bioReservoirs and bioPnxesses. This variable can be modeled using a probabilistic or mechanistic approach 
In a probabilistic approach for representing cell-phase distributions, a balanced growth tvpe of cell population 
is characterized by such distributions, which is a time invariant property even if their total number increase 
exponentially with a constant specific growth rate u. Each of the subsets of that population, which represent 
different cell-phases, and which can also be represented as separate cellPools in the svstem of this invention 
increase in number at the same specific rate and are also characterized bv rime invariant propertv distribution* 
which .s represented by the "typical-fraction" attribute of each of the cell-phases. At some steps during a 
simulation, the alternative cell-phase compartments that could follow mav exclude each other at the single cell 
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level, but not at the cell population level, so that different subsets of a population may follow different paths, 
with the distribution depending on the strength of signaling ev ents generated within the simulation itself. 
Therefore, the simulation of the value of this variable could be modeled to represent the probabilistic 
distributions, independently of which subworkspaces are activated first following the mechanistic approach 
As shown in F1C.32. If a cellular response results only in proliferation, the simulation of the population cell 
dynamics involving bioPools of cells in different states, results in cells that keep translocating from bioJ'ool to 
biol'ool. each representing a different one from a discrete number of states, resulting in cycles through a 
closed-loop set of cell-state bioPools, one of those . However, if the response results in cellular differentiation, 
it generates branching to a new closed-loop set of cell-state-pools. 

FIC.32 shows how a cell populations approach bioModel can be build to model the translocation of cells 
between the major states considered, as mechanistically represented by the defined subclasses of cell-phase, by 
creating and connecting a set of bioReservoirs and bioProcesses, as the example detailed in the figure shows. 
Although the cell cycle is a continuous one, it can be compartmentalized into functional cvcle intervals 
whenever it is deemed useful to better represent the dynamic simulation of the system. The initial state is the 
resting state, represented by the cellPool Ceil-Xl-Go'(3201), which contains cells of type XI (or in 
differentiation stage XI) in the Co-phase. That cellPool may receive inputs (3202) from various sources, 
represented by biol'rocesses in which cells are added to the resting pool after having been activated or cycling 
as the result of a variety of factors, and its outputs (3203) may contribute also to a varietv of such bioProcesses. 
such as the one that will be here described. While at Co-phase, if the cell is activated (3204) by a growth factor 
(320S|, antigen or any other activating stimulus, the cell enters the activated state or CI .1 -phase (3206) and 
added to the corresponding bioPool (3207). From that biol'ool (3207), all the cells may follow one of the two 
different options, or different cells may follow different options for the next cell-phase, depending on the type 
and strength of the signals received, either: a) following the cell cycle (3208) if certain growth factor(s) (3209) 
are sufficiently present, resulting in cells XI in CU-phase pathway (3210) and added to their corresponding 
biol'ool (3211), ur b) following the cell differentiation pathway (3212) if certain differentiation factorts) (3213) 
are sufficiently present, resulting in cells X2 in CU-phase (3214) and added to their corresponding bioPool 
(3215), and these cells will now follow a new set of . Each of the cell types will be then running in parallel, 
with their own set of bioReservoirs and biol'rocesses. The same reasoning applies to the rest of the system, as 
detailed in the figure, which will not be further explain, only to say that and the end of the cell cycle, in the 
cellEngine (3216) that returns cells from M-phase (3206) to* CU-phase (3206). has not onlv a translocation 
function, but in addition, given that the "stoichiometric-coefr of cell-Xl-Co is 2 while the 
"stoichiometric-coeff" of cell-XI-M is 1, it doubles the number of cells to be added to the cell-Xl-Co-pool 

In fast growing organisms, the dilution factor resulting from cell growth is represented by u. while in slow 
growing cells direct enzyme degradation is more important, since the levels of many enzymes in animal cells is 
controlled by the balance between enzyme synthesis and degradation, called turnover. The synthesis of an 
enzyme is a zero-order process, while the degradation usually has a hrst-order kinetics (proportional to the 
concentration of enzymes. 

It is very difficult to measure directly the rates of change of different cellular components at the single cell level 
A modeling framework requires at least data from measurements about the distributions of single-cell 
components in growing cell populations, and at the time of cell division and birth, which in some ca<*> can t> 
obtained by multiparameter flow cytometry. 

Growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell cvcle. 
The growth rate in terms of net rate of protein accumulation in single cells in each phase of the cell cvcle 
can be calculated, for balanced growth cell-populations, based on the measured distributions of single-cell 
protein content in the total cell population. Similarly, net rates of accumulation of any specific protein as well 
as any other compound or property can be calculated whenever the properties and their distributions can be 
measured on a single cell basis, such as with multiparameter flow cytometry with gating features, that permit 
direct correlation with the cell-cycle phase. Kromenaker and Srienc (1991) defined balanced growth-cell 
populations as those characterized by: a) the total cell number increasing exponentially with time according to 
a specific constant mean growth rate, and b) the total cell population and any of its sub-populations having a 
time invariant single-cell property distributions. They developed equations to represent the dvnamics or a given 
protein content range in an individual cell cycle, and after deriving restrictions that apply to the rate constant 
jnd substituting those in the original equations, the obtained expressions for the growth rates for each 
individual cell cycle. The transformation of this model into the graphic language proposed in this invention, and 
the incorporation of those equation*, is an example of a currently preterred embodiment of this invention, which 
i> explained in more detail in Exhibit M 1 . 
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window from which the request has been made, it passes as argument the name the menu-structures specific for 
:hat mode. A menu-system-template is a facility provided by the Shell that allows to build permanent designs of 
connected structures or menu-templates of different classes, each corresponding to a different menu option, and 
each containing attributes that hold information about the "label" to be displayed by such menu option, the 
name of the procedure to be invoked, and depending on the class of such menu object, it may hold either the name 
of the object which subworkspace is is to be displayed, or the name of a new menu system to be displayed When 
an option is selected from the menu, the procedure named in its corresponding template is started, which may- 
take as a rguments the values of some of those other attributes. The domain-menus are transient sets of 
workspaces and messages that are dynamically created mirroring the ordered design of the named permanent 
menu-structure. 

• Selecting "References Scroll" displays the the subworkspaceof the References Panel, discussed below. Selecting 
"Structure Queries" creates a clone of Master-General-Structure-Query-Panel and displays its subworkspace 
discussed in more detail below in relation to FIC.30. Selecting any of the "Experiment Setup #" displays the 
subworkspace of the corresponding "Experiment Setup Panel", which are variously modified clones of the 
Master-Experiment-Setup-Panel, one of which will be discussed in more detail under the Simulation Mode 
heading in relation to FIG 3?, since part of the capabilities provided within this type of panels can be used 
under the General Mode, and all the capabilities can be used in Simulation Mode. 

b) Initialization 

• Selecting the "Navig Init" button calls the navig-init-callback, which in turn calls the navig-init-proc (Table 
9V), which results in the activation of the subworkspaces of all bioProcesses and bioReservoirs (which are all 
deactivated when the application is initially started), and then successively calling the following procedures: 

- the br-initializarion-proc (Table 100) sets the appropriate values of the "master-bioReservoir" attribute of all 
bioReservoirs, highlights the flag-color region of the icon of those bioReservoirs that have "warnings", sets the 
appropriate values of the "ref-bioprocess" attribute of all bioPool-posts of all bioReservoirs, and establishes 
all the appropriate "a-down-bioProcess-of" and "an-up-bioProcess-of" relations between bioProcesses and 
bioReservoirs. making then those changes permanent (note that relations are transient and cannot be made 
permanent, and therefore they are lost when the application is restarted). 

- the bp-initializarion-proc (TablelOl) changes the color of the type-color region of the icon of each bioProcess to 
equal that of the bioEngine it contains, sets the appropriate values of the "master-bioprocess" attribute of each 
bioProcess, highlights the flag-color region of the icon of those bioProcesses that have "warnings", sets the 
appropriate values of the "ref-bioreservoir" attribute of all bioRole-posts of each bioProcess. establishes 
"an-upstream-bioReservoir-of" and "a-downstream-bioReservoir-of" relations benveen certain pairs of 
bioReservoirs that are separated only by one bioProcess, and establishes "an-upstream-bioProcess-of" and 
"a-downstream-bioProcess-of" relations between certain pairs of bioProcesses that are separated only by one 
bioReservoir. 

- the downsrream-chaining-proc (Table 102) completes the downstream chaining process by extending those 
relations to distant bioReservoirs and bioProcesses. by establishing the appropriate 
"j-downstream-bioReservoir-of" relations between any bioReservoir A and each other bioReservoir that is 
positioned downstream of A in any pathway, and establishes all the appropriate 

"a-downstream-bioProcess-of" relations between any bioProcesses B and each bioProcess that is positioned 
downstream of B in any pathway. 

• the upstream-chaining-proc (Table 103) completes the upstream chaining process by extending those relations to 
distant bioReservoirs and bioProcesses, by establishing the appropriate "an-upstream-bioReservoir-of" 
relations between any bioReservoir A and each other bioReservoir that is positioned upstream of A in any 
pathway, and establishes all the appropriate "an-upstream-bioProcess-of" relations between any bioProcesses 
B and each bioProcess that is positioned upstream of B in any pathway. 

- the biomodel-inihalization-proc (Table 104) scans each bioModel tor other contained bioModels. bioProcesses 
and bioReservoirs, going down the subworkspace hierarchy, and establishes the following relations between 
any combination of them: bm-contained-in between a bioModel and a bioModel. bp-contained-in between a 
bioProcess and a bioModel. and br-contained-in between a bioReservoir and a bioModel (Table 47). Those 
relations are important for all further processing, and are used by the newly defined query procedures, 
navigation procedures, and simulation procedures described below. 

• A rule (Table 11V) monitors the application at run time, and whenever the user moves a bioModel the rule starts, 
die biomodel-ws-check-proc. which checks whether the bioModel has been moved to a different workspace, in 
which case it calls the remove-biomodel-containing-proc (Table 119), to brake the old relations that no longe- 
apply. and calls this biomodel-iniiiali/ation-proc (Table 104) to establish the new relations. The upstream and 
downstream relations are also created and broken at run-time by a set of rules (Table 7ti( and a parallel <-et for 
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bioReservoirs, not shown) that monitor whenever any such chaining relation is newly established or broken, 
and in response to such events they establish or brake other relations, according to similar criteria, which in 
turn trigger the same rules for a chain of other bioReservoirs or bioProcesses. The use those rules makes sure 
that if a modeler or user deletes a bioReservoir or bioProcess that is part of one such chain of relations, then the 
chain is broken between the elements of both sides on the breaking point. Similar sets of rules are used for 
establishing relations whenever new connections between bioReservoirs and bioProcesses are made by the 
modeier. 

♦ The "Add Query" button is to be selected only after the "Navig Init" was been successfully concluded. If 
changes to the database have been made by the modeler since the "Navig lnit" was last concluded, or if the 
application has been restarted, then the "Query Init" button should be selected. The common purpose of both 
buttons is to organize knowledge about the structure of all the bioEntities in the application, and to create a set 
of structures to hold that knowledge, to be used any time that the user request a predefined query that involves 
that kind of knowledge. Selecting the "Add Query" button calls the add-query-callback (Table 105), which in 
rum calls the two procedures that follow. Selecting the "Query Init" button calls the querv-init-callback (Table 
106). which in turn calls the navig-init-proc (Table 99) and the two procedures that follow: 

- the et-initialization-proc (Table 107) scans the loaded application for every copy of each named 
complex-bioEntity, and then assigns a value to the "id" attribute of each such copy that is equal to the name of 
such bioEntity complex-bioEntity ended by the copy number. Copies are numbered consecutively, in the order 
found, with the original being -0. 

♦ the init-query-tables-proe (Table 108) activates the subworkspace of the Query-Arrays-Bin and deletes any old 
array upon it, and also deletes any old list upon the Query-Lists-Bin, and then call the following procedures: 

- the find-bioenrity-definitions-proc (Table 109) scans the Bioentities-Defs-Bin, which contains all the object 
definitions of all the subclasses of the class bioEntity, and for each of those subclasses it calls the 
create-query-array-proc (Table 110) which creates a query-array, sets its "major-class" attribute equal to the 
name of the superior-class of such subclass, sets its "ref-component-class" attribute equal to the name of such 
subclass, and sets its "name" attribute equal to the name of such subclass followed bv the ending -query-array, 
and transfers such query-array to the Query-Arrays-Bin at a location specific for each superior-class, 

- the create-query-lists-proc (Table 111) creates a query-list to correspond to each query-array in the 
Query-Arrays-Bin, and transfers the list to the corresponding location upon the Query-Lists-Bin, sets its 
"ref-array " attribute equal to the name of such array, and sets its "ref-component-class" attribute equal to the 
"ref-component-class" attribute of such array; 

♦ then, for each of those lists and for each bioEntity of the subclass named by the "ref-component-class" of such 
list, it calls the find-named-bk^enrities-with-component-proc (Tablell2) which in turn, if such bioEntitv has a 
name it directly calls for such bioEntity the procedure that follows, otherwise it calls first the 
find-named-bioentity-proc (Table 1 13) to scan the hierarchy of bioEntities superior to such bioEntity, until one 
is found with a name, in which case, it now calls for the named bioEntity the procedure that follows! 

■ the seek-bioenrity-copies-proc (Table 114), inserts the argument bioEntity in such list, and then scans the 
application for any copy of such bioEntity. and if any is found then it bops back for such bioEntitv bv calling 
the find-named-bioentities-with-component-proc (Table 1 12) mentioned above, which will repeat the cycle back 
to this procedure, as described, until the various li>ops for each bioEntity of every list are completed. 

- When this process is completed, the list for each bioEntity subclass contains, with no duplicated elements, all 
the named bioEntihes that contain one such bioEntity, either directly or by reference. To give an example, that 
means that if a named protein instance-A contains a protein-motif instance-B, then even' named protein 
complex-instance-C that contains an unnamed copy of instance-A (which does not itself contain a copy of 
instance-B. but rather points to its master-bioEntity, instance-A. which contains instance-B) will also be 
included in the list of all bioEntities that contain a pmtein-motif. After all such lists are completed, it calls the 
following procedures: 

- the complete-query-table-proc (Table 1 1 5) simply transfer the values of the elements from each of those lists to 
their corresponding arrays, by fist setting the length of the array to match the the length of the list, and then 
setting the text of the initial-values attribute of each array'to equal a text string that mentions all elements of the 
list separated by commas, as illustrated in the example-listed in Table 1 1 6. which shows a pair of corresponding 
instances of a query-list and a query-array of the subclass sup-et-array. which list named instances of 
bioEntities that contain an a-helix-motif. which in this small demo application consists only of a few 
master-structures from the library. In the table of attributes listed, the initial-values attributes is displayed, and 
the list of elements of either the list or the array can be displayed by selecting the "describe" opnon of their 



menus. 



the create-auxiliary-query-arrays-pn>c (Table 1171 adds a few empty arrays corresponding to the no-selection 
options of each query panel, which are simply programming aids 
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■ and to conclude it deactivates and activates attain the subworkspace of the Query- Arrays-Bin for the purpose 
jr initializing the query-a trays upon activation, which means that the elements ot the array take the values 
given by the set initial values. 

• The "Icons Init" button calls the init-icons-callback (Table 118). which function is not essential for the 
functioning of this system, but which provides a very useful cosmetic function, by realigning the tracers in the 
subworkspaces of bioReservoirs and bioProcesses and making their connections invisible. Selection of this 
button is not necessary even.' time the application is started, and it can be selected any time thereafter, when 
problems are detected, in any mode other than Simulation Mode (where those subworkspaces mav be 
deactivated). The S3me effect is achieved for individual bioReservoirs or bioProcesses by slightly moving and 
repositioning their bioPool orbioEngine, respectively, which triggers their respective icon-movement rules, as 
defined in Table 79, which also apply to repositioning the bioRole-posts any time a bioReactant or biol'roduct 
is moved. 

• Selecting the "Init All" button calls all-init-callback (Table 118b), which in turn calls the all the initialization 
procedures mentioned above, and selecting the "Hide" button calls the hide-workspace-callback, which hides 
this Panei. 

c) Navigation 

• In this invention, navigation refer to the domain-specific tasks of displaying and hiding either related bioObiect> 
or their subworkspaces. The concept of related object include various types of associations, including some that 
are permanently stored in the knowledge base, as defined by either graphic or distant connections, or 
containment in subworkspaces at any level in the hierarchy, and some that are transient such as relations, 
which are established and may be broken at run-time I note that in the system of this invention it is also possible 
to store run-time versions or snap-shots of the application, which also include transient objects, such as 
relations). Navigation tasks may may be performed in any mode, but Navigation Mode has that name because 
the behavior of certain object classes, including the classes bioReservoir. bioProcess, and complex-bioEntity. i> 
restricted to do just that. This means that a navigation task is automatically performed upon clicking on the 
instances of any such classes, instead of displaying a menu with various other options as well, and therefore all 
those other tasks offered by the other options are not available in this mode. Therefore, a user in Modeler or 
General Mode may want to quickly switch to Navigation Mode when intending to do just that, because it is 
much faster, for example when exploring and navigating through the pathways, and then switch back to the 
other mode to perform other tasks. Navigation tasks are usually simplified, in the following discussion and 
elsewhere in this filing, by expressions like "selection of A starts proc-B which displays C", but tn realitv these 
processes do more than that in this invention: selection of A invokes proc-B which takes as arguments A (the 
item) and the current window, and causes C to be either displayed or hidden on the current window, depending 
on the value of the "toggle-state" attribute of A. and in addition, the icon appearance of A is configured, 
switching between its pressed or depressed configuration, respectively, and the value of the "toggle-state" 
attribute ot A is alternated between on and off. In such cases. A may be either a button or any ot the bioObjects 
that has a subworkspace. which in this regard behave similam . 

• F1C.30 will be described to summarize some of those navigation tasks when in Navigation Mode, while also 
referring to the definitions of the methods involved listed in the Appendix. Note that any navigation ta>k that 
directly performed in this mode, may be performed in any other mode as well, but depending on the pre\ iou«K 
defined class restrictions for each mode, they may have to be selected from the menu instead, requiring two step- 
rather than one. Selecting any bioProcess in Nav igation Mode implies selecting its "details" option which 
starts the details-bp-proc (Table 120) which displays its subworkspace. in the same way that selecting anv 
bioReservoir implies selecting its "details" option which starts the details-br-proc (Table 121). resulting in the 
subworkspace of the hioReservoi r being displayed or hidden, depending on whether the value of the 
"toggle-state" of the bioReservoir is hide or show, respectively. With both procedures, the icon* of the tracer- 
on the corresponding subworkspace are restored to their default relative positions before such subworkspace 
is displayed. 

• Note that when selecting the details' option of any bioProcess that has a master-bioproces* but has no 
subworkspace, conditions which when combined are characteristic of a copy bioProcess used in the creation ot 
Pathways, causes such first procedure to call the bp-master-details-proc (Table 120) which in this case di-pia\ •» 
or hides the subworkspace of the original (master) bioProcess. in addition to configuring the icons of both the 
original and the copy bioProcess to their pressed or depressed appearance, respectively. In a similar w.iv. when 
selecting the "details" option of any bioReservoir that has a master-bioReservoir but has no subworkspace. 
characteristic of a copy bioReservoir. causes the first procedure to call the br-master-details-proc (Table 121 1 
which in this case displays or hides the subworkspace of the original bioReservoir, in addition to conrmunni; 
the icons of both the original and the copy bioReservoirs to their pressed or depressed appearance. respectively- 
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• BioEmrines do not have subworkspaces by default, by the modeler can create one, as described, to stare tabular 
•unctions. In such cases, a "show-sw " option is available, and selecting such bioEngines in Navigation Mode 
impl.es "show-sw", which starts the show-bioengine-sw-proc which displavs or hides its subivorkspace (not 
shown) and toggles the configuration of its icon. 

• The behavior ot complex -bioEnrities in Navigation Mode is similar, as shown in FIC.18, where selecting anv 
bioEntity (1808. 1813, 1815, 1817, 1819, or 1821) implies selecting the "details" option which starts the ' 
et-details-proc (Table 122) which displays or hid es its subworkspace (1809, 1810. 1816, 1818, 1820 or 1822 
respectively) and toggles the configuration of its icon. The combination of this option with the ~' 
go-to-sup-obj-button (1825) upon each subworkspace allows to navigate up and down in their workspace 
hierarchies. r 

• Selecting any bioProduct-post (711) or any bioReactant-post (703), in General, Navigation, or Simulation 
Modes, implies selecting its "show-br" option which starts the rolepost-show-br-proc (Table 123) which 
displays the subworkspace (714 or 705) of the bioReservoir named bv their "ref-bioreservoir" attribute 
Similarly, selecting any bioPool-r-post (704) or any bioPool-p-post (712) implies selecting its "show-bp" option 
which starts the poolpost-show-bp-proc (Table 124) which displavs the subworkspace (402) of the bioProces* 
named by its "ref-bioprocess" attribute. This option is only available in the menu when the bioPool-post has a 
name. Selecting the go-to-sup-obj-button (with triangle) on the subworkspaces of each bioObject displavs its 
superior ob,ect, while selecting the hide-sup-ws-button (with cross) hides its workspace . The combination of 
those capabilities allow to follow all the distant connections through the pathwavs of bioReservoirs and 
bioProcesses, and also up and down in their workspace hierarchies. 

• Selecting any model-box (511, 516, or 517) in Ceneral. Navigation, and Simulation Modes, implies selecting is 

show-sw" option, available only if the model-box, which starts the show-model-box-sw-proc which di<plavs 
or hides its subworkspace and toggles the configuration of its icon. This option is used to access the ' 
model-block upon that subworkspace. 

• Other important navigation task performed through the menu in any mode, include the "bioentitv" option (Table 
U5) appears m the menus ot bioReservoirs, btoReactants and bioProducts onlv when the "ref-b'ioentitv" 
attribute ot the bioReservoir has a value different from the default value of none, and upon selection of 'this 
option by the user, or hides, depending i>n whether the initial value of the toggle-state attribute of the 
hoReservoir is hide or show, respectively, the subworkspace of the bioEntitv named bv said ref-bioentirv 
attribute. Note that the "ref-bioenrity" attribute is defined only for the class'bioReservoir. for storage economv 
and the menu options of btoReactants and bioProducts refer to that attribute when connected However thi- 
attribute can be defined for those other classes as well, allowing access to a bioEntitv independently of a 
bioReservoir. 

d) Structure Related Queries 

• There are two major gmups of Quer.es: a Ceneral-Query is based onlv on structure and is application wide 
while a BR-Query is in reference to the bioReservoir from which it was m.tiated. to be described below in more 
detail. The Query Panels are built hierarchically, with each radio-button from the first Selection Panel leadm- 
to another more specific Query Panel, where now the user can compose a selection and then initiate the Querv " 
Note that the word Panel is frequently used in a more general sense to refer to the subworkspace of an instance 
ot the class query-panel. 

• A<General-Query may be requested by selecting from the "Panels" menu head the "Structure Quenes" opnon 
which calls the createn{eneral-structure-selection-panel<al]back (Table 127), which in rum clones the 
Master^neral-Stmcture-Query-Panel. stores it in the Temporary-Panel-Bin. configures its radio-box with the 
aid or the set-radio-box-id-proc (Table 128) and displays its subworkspace. The user mav now use such Panel 
to ~ «t any radio-button from its radio-box, which calls the select-general-stnicrure-selection-panel-callback 
(Table 129) with such button as one of its arguments, which in turn: a) gets the value of the radio-button 
selected, and depending on the value of the "on-value" attribute of such button, clones the corresponding 
master-panel, then calls the create-general-query-panel-pnx (Table 130) with such value and the new panel 
among its arguments, which in turn completes such panel by scannmg the panel for the presence of specifically 
labeled radio-boxes (related sets of radio-buttons) and configuring the radio-boxes with the 
■*t-raaio-box-id-proc (Table 128), and b) displays the subworkspace of the new panel. 

• The user may now use that Query Panel to select any combination of one radio-button per radio-box and then 
selecting the "Query" button calls the query-general-structure-callback (Table 131). which in turn call< tir<i the 
queiy-general-structure-proc (Table 132), which scans such panel for the presence of specifically labeled 
rad.o-boxes and then calls find-specihc-array-pmc (Table 133). with such label as one or its arguments to r.nd 
the value ot the selected radio-button and the matching array within the Query-Arrays-Bin (those arrays are 

65 



WO 96/22575 



PCT/US96/00883 



created during the Query Initialization process, as described in the initialization section above). An auxiliary 
scroll-text-list is created and, if only one radio-box is present in the Query Panel, then the elements of the 
corresponding array are transferred to such list. It two radio-boxes are present in the Query Panel, then two 
such arrays should be found, in which case the merge-two-structure-lists-proc (Table 134) is called, which 
scans those arrays to find the common elements, which are transferred to such scroll-text-list. An specific 
text-string is developed to include references to the selected options and to the outcome of the search, which is 
then given as a value to a free-text structure which is displayed as a heading for the results of the search. The 
callback calls then the create-general-query-output-panel-proc (Table 135) with such scroll-text-list and 
free-text among its arguments, which creates an output panel bv cloning the 
Master-Molecular-Query-Output-Panel, then creates a scroll-area to display the elements of such 
scroll-text-list, and transfers to the subworkspace of such output panel both the free-text and the scroll-area 
listing the results of the search, which is them displayed. The user can now use such scroll-area to interactivelv 
display or hide the structure of any number of bioEntities named by the options listed, as described below, 
e) Pathway Related Queries 

• FIC.30 illustrates an example of one of the several types of predefined Pathway Related Queries that the user 
can perform by just selecting the desired buttons from the options offered in the panels. All the searches 
generated from this type of panels include bioReservoirs located anywhere within the pathways that are either 
upstream or downstream, depending on the selection, of such initial bioReservoir. and also the bioEntities 
referred to by any of those bioReservoirs. Those upstream or downstream queries can be further restricted by 
the type of roles that those bioReservoirs play in different bioProcesses, as defined by the major classes of 
bioReactants to which their bioPools are distantly connected, which is referred here as function-related search 
In complex queries of mixed type, such bioEntities can be further restricted to those containing anv particular 
component, similar to the Structure Related Queries described above. In such cases, the methods pertinent to the 
pathway search are applied first to generate the pathway-related set. followed by the function search, which is 
applied only to the pathway-related set and generates the function-related set, and finally the structure search, 
which is applied only to the function-related set, or to the pathway-related set if no function search has been 
selected, and generates the structure-related set. The structure search applies only to the bioEntities for the 
purpose of displaying the results, in the sense that all bioReservoirs that meet the selected pathway, and 
optionally function, requirements are listed in the scroll-area listing the bioReservoirs, regardless of whether 
they meet any of the bioEntity related criteria. This implementation is currently preferred because the 
"ref-bioentity" of a bioReservoir is an optional attribute, and it is expected that many of the bioReservoi rs will 
not have a corresponding defined bioEntity. This alternative provides a more complete search in terms ot 
relative position and function of bioReservoirs, without being influenced by the implementation of an opnor. 

• These types of Query may be requested in two different ways: a) from a bioReservoir (3001 ) by selecting from 
its menu f3002) the "query panels" option (3003); or b) from the subworkspace a bioReservoir bv selecting the 
query-tracer (1325) connected to the bioPool. A query-tracer is a subclass of list-tracer (Table 3W which 
selection implies selecting the tracer s "show " option. Each of those options starts the 
create-br-related-selection-panel-callback (Table 138), which creates a clone of 

Master-BR-Molecular-Query-Panel. configures it, and displays its subworkspace (30O4), the Pathway Quen. 
Selection Panel. Configuring this panel and any other panel that follows during the processing of br-related 
queries always includes to set the value of the "related-item" attribute of the panel equal to the name of the 
bioReservoir from which the query was initiated, and this name is passed along when a new panel is originated 
from such panel. That is, any callback invoked from a button of a panel, takes the name of the bioReserv oir from 
the "related-item" of the panel upon which subworkspace it is located, and passes that name as an argument 
when calling other procedures. 

• The user may now use that Pathway Query Selection Panel to select any radio-burton (300?) from its radio-box. 
which calls the select-br-related-query-panel-callback (Table 13V) with such button as one of its arguments, 
which in rum: a) gets the value of the radio-button selected, and depending on the value of the "on-value " 
attribute of such button, clones the corresponding master-panel, then calls the set-br-related-querv-panel-proc 
(Table 140) with such value and the new panel among its arguments, which in turn configures and complete-, 
such panel with the set-radio-box-id-proc (Table 128). and displays the subworkspace <300<i) of the new panel, 
a Pathway Query Panel. This panel is composed of": a) the title (3022) which specifies the tvpe of search bemc 
made from that panel and names the bioReservoir (3023) that is the point of reference for the search; b) the >et ot 
radio-buttons (3024) of the radio-box labeled "direction", defining the two possible alternatives; c) the set ut 
radio-buttons (3025) of the radio-box labeled "function", which defines the possible alternatives available for 
function, which in this case we only show a small but important subset that is of high relevance to scientist,, d > 
the>et ot radii>-buttons<302M ot the radio-box labeled "motifs", which defines the possible alternatives 
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available for subclasses of protein-motif. Many other possible sets of radio-buttons, such as those of the 
raoio-box labeled "location", which defines the possible alternatives available for subcellular compartments 
are not snown. 

• £ ' r' r y ~,T V ^ '-^ PalhWaV ^ Panel to " taet an ? combination of one radio-button per radio-box 
Selecting the "Upstream" option (3007) calls the upstream-querv-lists^allback which in turn caliTthe 
upstream-tuncnon^uery-lists-proc. Selecting the "Downstream " option calls the 

d K Vn ,TT" q ^ ry * liStS<alIbaCk (TaWe 14,) and *• downstream-function-querv-lists-proc (Table 142) 
u-h,ch do the following: a) it first calls repeatedly the create-br-query-lis,-proc (Table H3> to create a set of 

co^Z J • ^ "7' a " bioR ~™» *««e upstream (or downstream) and scans for the" 
onnechons to certam classes of bioReactants. which define their function, and enters their name m the 

a kmase.r and a transcnptton-factor.r. then the name of such bioReservoir wiU be added to each of the two 
^rrespondmg lists, so that a bioReservoir may be named in more than one function list, but is r« dupSid 
u ith n one single list; and c) for each pair of one of those bioReservoirs lists and its corresponding ELs 
hst. ,t ca Is the f,...b,et..is,- P roc (Table 144, which scans all the bioReservoirs in the f,stTf„Mh« ^e of 
the,r ref.b,oenmy" attribute, which if available is added to the second list. All those lists, to be used bv th 

oXforTe bS ' ^ 3 t0 *• Pane ' (r ° m Which —reated.„e valid 

only tor the b,oReservo.r g, vuig the related-item of that panel, and are deleted when the panel is deleted. 

• The user can now select any combination of one radio-button per radio-box, such as receptors (3008, and 

ZT^cZ ^ PK T! m J ,r0m ** " dl ™' bUtt ° n iS *" d ^-» ^ previous to the proc JL 
from the Query button, and .f the user selects the "Query" button before the "direction" button tr^n 
processing cannot ocurre, because the lists do not exist, and an error message is displaved to the us* to that 
^J^" bUM ° n Ca " 5 ,hC l-^-related-callback (Table U5). which £ o^n Vie 
Z t * ^ radi °- buttC,ns rf " dire «™" (3024, and "function" (3025 radio-boxes and then ca... 

Z \ nZ inT C *™P*"*"S of two lists from the bioReservoirs lists and bioEntities lists created 
and fj led * the prev,ous processing, as discussed above. Such bioReservoirs list is going to be used to direc tlv 

as the basis for the complex further processing that follows. ^ 

• The callback scans now the Panel to find whether there are structure related radic-boxes. such as the 

domains radio-box in this example, in which case it calls the querv-br-structure-lists-proc (Table 147, with 
*o>e prevous values and the bioEnnties list among its arguments, which does a complex pJ„Z s 

33Ho7ndle ^ T T"™ a " d «»* find-fpecific-arr-p;; (Table 

matlhin , ? "I? "die-button such box(es), such as U-strand-morif (3309,/and its 

match,ngarray(s),n the Query-Arrays-Bin (as described above in the Structure Related Quenes ^ 

T 3 b.e « StrUChJre re,ated * «»* -erge^r.func,ion-s.ruc t ure-,trua^e-proc 

(Table 1 4V). passing among ,ts arguments the values of all selected radio*uftons. as well as the corresZdinL 

Ta d t Mr, T and *• 3rray(S) ° OW foUnd - Th - P-^«- -ate a new ns^S^ 
Trl ^ k ' ? the type and value of the arguments: a, thev selecta text 

X? ^ " Ch u S,tUat,0n ' t0 * dis P' a > ,ed « » ««« ^ the results, b) thev call the br-fill-etl-l'ist-pnK (Table 
M> or the the br-filWouble^tl-list-proc (Table 1 51 ,, which enter the common elements of l^C*2£L* 

o^l f array< ?- T f SCr r I1 - teXNist ' and c > ^ — the text and the scroll-text-list to the prev ous 
procedure from wh.ch they where invoked, which in rum returns them to the callback. 

' The callback passes such text to a free-text structure, and finallv calls the 

hTF^° Ubl *1| ,€,y 1 UtPUt T anel * Pr0C (Tab ' e 152) With ,he WoR «^'oirs list mentioned in paragraph n th. 
hoEnnhes scroll-text-l.st. and their nvo corresponding free-texts among its arguments which cre^eTan iu l, 
pane by clon.ng the Master-MCecmar-Quen-Output-Pane. and stores", in Z Tempo ^anX Z ' 
transfers the two tree-texts to it. creates two scroll-areas to display the elements of each of those ists in 

2^ "T"*' < r UI - " 1U ^ COm P^ l -P-'-P- and complete-br-paneC < 1 
h h,ch configure those scroll-areas and transfers them to the subworkspace, which is thenv displaved O0,l , 

The user can now use the Pathway Query Output Panel (3011 ) so created to scroll through the lists 
b,oReservo,rs and hoEntities that are the output of the query. Selecting and unseating anv op Z of such 
^ron-areas allows to .nteract.ve.y display or hide subworkspace of the named structure bv caC 1 
querx-message-selection-proc or the query-message-unselect.on-proc (Table 136,. Each of the mles .301 - 
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jirectlv related to the scroll-area below them and vary with the results of each part of the search, and thev may 
-nmt naming those groups of buttons where not selection was made, or indicate that some search or part of the 
search was empty. The scroll-area (3013) on the top shows the bioReservoirs that meet the direction and 
function requirements, which are those named by the options listed, and selecting anv of its options (3014) 
displays the subworkspace (3015) of the named bioReservoir. The scroll-area (3017)*on the bottom shows the 
bioEntities that meet the combination of direction, function and structure requirements, as selected, which are 
those named by the options listed, and selecting any option (3018) displays the subworkspace (3019) of the 
named bioEntity. Those structures displayed can be used to navigate in any wav previously described, 
including up and down the pathways from bioReservoirs (3015) to bioProcesses (3016) and so on, from 
bioReservoirs or bioReactants or bioProducts to their bioEntities as shown in FIC.30. or up and down the 
workspace hierarchies (3020. 3021), by combining the variety of tools and methods previously described. A> 
before, all the Pathway Query Selection Panels, Pathway Query Panels, and Pathway Querv Output Panels are 
dynamically created and transient, and when the search is completed they are no longer needed and they are 
deleted, as well as their associated lists, by selecting the "Delete" button (3309), which calls the 
delete-query-panel-callback. 

• More complex queries can be performed with an additional Master-BR-Molecular-Querv-Panel with four 
additional options, to include queries previously described in combination with an additional constraint 
criteria, the location of the bioReservoirs selected by the previous criteria within the different cell 
compartments. Selection of any of those new options displays the corresponding Query Panel, and in this new 
■*t of Panels, the "Downstream" and "Upstream" radio buttons are associated instead with the 
downstream-function-location-callback (Table 153) and upstream-runction-location-callback. respectively, 
which call the downstream-locarion-query-lists-proc (Table 1 54) or its upstream equivalent. Those procedure 
in turn call some of the procedures previously described and also call the find-compartment-proc ( Table 155). 
The user may additionally select any combination of one radio-button each from the radio-boxes offered in each 
particular panel, and then selecting the "Query" button now calls the query-br-related-location-callback 
(Table 156). which in turn, depending on the boxes available on the particular Panel, calls one of an alternative 
set of procedures, which in turn call other procedures, as specified. The reader is further referred to the listings 
in Tables 157 through 169 for the details of such complex processing that is difficult to describe, and which 
uses a similar approach and methods as those previous described to create a new set of lists and to merge lists 
with bioReservoirs meeting the different criteria. 

• The underlaying shell loads the desired application modules on memory for run rime operations, but it is able to 
merge and remove modules while the system is running. Since the inference engine's reasoning and search space 
is limited to those modules that are loaded, it is necessary to create a mechanism to allow for searches in 
modules that are not yet loaded on memory. This is accomplished bv maintaining in the repository module an 
object, called the query-arrays-bin. which holds in its subworkspace a set of item-arrays for intelligent dvnamic 
merging and removal of the modules required at particular times, particularly when searching through the 
bioEntity-module and In order to allow for searches in a modulanzed application. Those contamed-in-moduie 
arrays are built following similar methods as those described here for bioModels. The difference is that a new 
>«t of relation is defined, of the series -contained-in-module. and an initialization procedure that loops over all 
the workspaces of each loaded module, finding out the value of thetrassigned-module.and then looping over all 
the bioModel Libraries upon each workspace, and over all the bioModels upon each bioModel Libra rv. ana 
the continuing with the methods described in the previous section 

f) Interactive Lists and Pathways 

• In addition to the various query methods previously described, this invention provides several other tix>U and 
methods to enable the user to extract the knowledge build entered into the system by the modeler, in addition t.. 
the new knowledge created by applying the methods of this invention to analyze and integrate die knowledge 
provided by the modeler. 

• One of those capabilities is provided by means of the "list copies' menu option (625) defined for the da- 
complex-bioEnfity. which upon selection calls theet-list-copies-callback (Table 170i. which creates a 
scroll-text-list and then calls the list-local-bioentities-copies-proc (Table 171). which in turn scans all the 
bioEntities of the same major subclass as the one bioEntity from which the request originated to find if the 
master-bioenmy of any of then matches the name of such bioEntity. in which case the value of the id" attribute 
of each of those copies is added to the list. If there is any element in that list, then the callback creates an Output 
Panel by cloning the Master-Local-Bioentity-Copy-Panel. create> a >pecific title and a scroll-area, which are 
then added to the Panel and configured, and finally the Panel is displayed. This Panel looks like the Query 
Output Panel (3011 1 discussed above, with a different title. Selectinu and unselecting anv option of such 
vrroll-area call et-copies-message-»election-pnK or the et-copies-me 5 sage-un>election-proc (Table 172> whicn 

6« 



WO 96/22575 



PCT/US96/00883 



m , terachvely display or hide the subworkspace of the structures referred to bv their "id", rather than bv name 
This also provides an example of how, in general, instance* of bioEntities as well as bioReservoirs 
bmProcesses and bioModels, or any other structure, can be referred to by the value of anv attribute' rather than 
r * *" Unh|Ut and Convenient, but thev can be avoided. Refern"«T 

w InTu I" SUCH ° r ° ther PUrpOSe " aU ° a " 0WS f ° ref6r to of -ithin a cLss 

ithout having to refer to each individual member of the group. 

• Another novel teaching of this invention is the capability of creating lists of downstream and upstream 
bioReservoirs and bioProcesses. By selecting the icon of any of those lists, the user can displavon a workspace 
the e.ements of that l.st. which are pointers to all the bioReservoirs or bioProcesses that mJet the criter^ 
each .peohc list, and each pointer further allows to either disp.ay the table of attributes of such objec T 
displays the object itselt upon its workspace, as described in moredetail later (FIC.34). Navigahoncan be now 

.T" H Se i ° bi " ,S " " ^ t3SkS **** in *»» ™» capabili "s " cet i^ 
through the show l,sts" opt,ons rrom the menus of bioReservoirs (3023) and bioProcessef (31 03) which 
appear m the menus only when they are named and their subworkspaces are activated, as well as from the 
list-tracers in their subworkspaces, as described beiow. 

" C,t m p S ? ted in u C c 30 3U Chainin ^ rac ^ (™. 30) are iconic programmed objects connected (3030) to 
bioPoo , or to a b.oEngine (3105), where they are used ,o control the dynamic creation and dispTv * run le 
otaset ot such hsts ot either bioReservoirs or bioProcesses that are either upsrream or downstream of *e 
b,oResen o,r upon which subworkspace such list-tracer is located. The "show" option (Table 31) is defied 

,h « ciass ,,st - tracer and is *""«nted by all its subclasses, including BR-chaining-tracer and 
DI -chaming-tracer. Selecting any such list-tracer by the user implies "show", which starts the 
list-tracer-handler-proc (Table 31 ). which configures the buttons and depending on the subclass or list-tracer 
2 W,h " *» «fJ"*W»c (Table 1 73. also started upon selection of the "show lists" option o the 

*e BPKhaining-proc (Table 174. also started upon selection of the "show ,L" opt on of the 
b.oI rocess). The ma H »r act.ons pertormed by both of these procedures comprise: a) if the list-tracer J Ldv has 
a subworkspace. then ,t is displayed with its contents, otherwise a subworkspace for the BR-cha In^-trace, or 

m <£*Z 1Z' "SS.^ " r ,ed * C '° ning *»>™**P™ * *eprebui.t master stru ZT 
BR,Chammg-L,st, or BP-Cha,n,ng-Lists, respectively, which in both cases contain two sets of four predefined 

Mmulahon mode and contain elements from the first set that have been activated as a result of Z^Ln ,n 
asir™ m^ 

r ?*" n rerenCe hioR «*™ r °' EProcess from which thev were requested, bv usfng To eacT 

h>t ot the set the blowing criteria: the element 

elements ot UBPl «jd SUBPL are upstream bioProcesses. the elements of DBRL and SDBRL Tc^wntream 
bioReservoirs. and the elements of UBRL and UDBRL are upstream bioReserv oirs. 

' camwavTh'' '* ^ * *«™»* displavs of interactive 

or ^olZ ^^"'y* C r ?™ a cha '" «* downsnvam. or upstream. bioReserv„,r S or bioPnicesses 

" 0 "T^ f0^ma, ^ COnneC,,0nS draUn them *> indi "« *«* tha» a" 

ad,acent. By x dually tollow.ng those connections, the user can follow the pathwavs that md.ca.e a dependencx 
reianonship between those bioReservoirs or bioProcesses or both. The capabi.itv to displav " 

m h h,ch case such bioProcess is the point of reference; h> from a S.mulation Panel (to be discussed ,n 
PaZto'S 7 " WHiCh 8 W ° R **™ ir is *• P*t of reference; and c) from an Exclmen, 

^ h d,SCUSS<!d m COn,UnCt, ° n With nC - 35 )' in whi ^ case one or more bioReservoirs are the^o.nts or 

A* illustrated in FIC.31. now we will refer to accessing such capability from an individual biol'roces, or from 
icons t, lts .-bwortapac. that have such specific functions, to disp.ay either upstream or downZm' 
pathways, and ,„ euher case the bioProcess is the point of reference. Up-path-tracer and down-pa.h Leer are 
icon.cob.ects (Table 28, located upon the subworkspace of a bioProcesstfllO and 31 17). wheXv aeusJ 
U ontrol thedynarmc creation a, run-timeof a graphic disp.ay o, such interactive upstream ordowns^eam 
pa hway. respectively, trom the bioPaKess from which i, was requested. The "show" option starts the 
path.tracer-hand.er.proc (Table 2V), which depend.ng on the subclass of path-tracer calls eithe^he 
draw-up-pathway-proc (Table 175, also started from the "up pathway" option (3109 from the bio! Ws) or 
the draw-down-parhway-proc (similar to the one above but downwards, also started from the "down 
pathway option ,31 16) of the bioProcess. The major actions performed by each of these procedures compnse 
. .. creates a subwor space here called a Upsrream Pathway Disp.ay for the up-path-tracer (31 10) I ^ 
the ^workspace o, Master-Up-Pathivay, wh.ch contains a set ot prebuil, auxLrv structures The ,e u , 



69 



WO 96/22575 



PCTAJS96/00883 



:he title (31 111 is changed to refer to such bio Process. The x-pos and y-pos (3112) are two integer-parameters 
Table 3) used to keep track of the most distant bioProcess added to the Display and which: i) are used by the 
program to compute the position of the next bioProcess to be added, after which their v alues are updated, ii ) are 
used by the program to be compared to defined threshold values that, when reached as the display dynamically 
grows, trigger a reduction in the size of the display, and Hi) may be used also by the user to read the sue of the 
Display, which may in occasion get very large, by observing their value as displayed in digital form. The set ot 
resize buttons (31 13) allow the user to resize the Display at will, offering the options of full, three-quarter, 
half, and one-quarter scale. 

b) it creates a copy of such bioProcess, by cloning it and deleting its workspace, and then transfers the copy to 
the Pathway Display at a specified position (3114), and displays the Pathway Display on the window from 
which it was invoked: and 

c) it calls the create-local-up-bp-proc (Table 1 76) with such original bioProcess and its copy among its 
arguments, which in tum for each bioReservoir that is an-up-bioReservoir-ot the original bioProcess finds each 
up bioProcess that is an-up-bioProcess-of such bioReservoir and then for each such up bioProcess: i) if a copv 
of such up bioProcess already exists upon the Display then it proceeds to iv, otherwise it creates a copy of such 
up (or down) bioProcess, by cloning it and deleting its workspace, ii) it computes a new value for x-pos and 
y-pos, iii) it transfers the copy to the Pathway Display at the new specified position (361 5), iv) it creates a 
connection between random locations at the icon of such new (or existing) copy and the icon of the copy that is 
an argument of this invocation of the procedure, and v) it calls itself (Table 176), but now with such up 
bioProcess and its copy among its arguments. Each of these procedures keeps looping and calling itself until all 
upstream b EProcesses have been processed, and their copies added to the Display and connected. The 
jn-up-bioReservoir-of and a-down-bioProcess-of, as well as the a-down-bioReservoir-of and 
an-up-bioProcess-of, are inverse relations, as previously defined (Table 7?), which were established during 
initialization (Table 100) between appropriate pairs of a bioReservoir and a bioProcess each. A similar set of 
prucedures is used to display the downstream pathways from the down-path-tracer. 

• F1C.31 illustrates short examples of Upstream Pathway Display (3110) and Downstream Pathway Display 
(3118). The connections are directional, with the directions of the connections above the bioProcesses 
indicating the direction of material flows, that is from the one that is upstream to the one that is downstream in 
relation to each other. The directions of the connections below the bioProcesses always show the right to left 
direction as a result of the next copy being one that already existed in the display, such as those connection* 
that revert to 3119 from other posterior copies. Those pathways are interactive, and selecting the "details" 
option (Table 120) of any of the icons, or changing to Navigation Mode and selecting the icons (3119, 3121), 
displays the subworkspaces (3120, 3122) of the originals of those copies, which allow further access to any or 
the navigation (3123) and all other capabilities associated with their iconic components, as described 
throughout the description of this invention, and allowing further access to possibly distant parts of the 
jppiication. 

• Pathways with only bioReservoirs (not shown), or pathways with alternating bioReservoirs and biol'roce^e « 
(not shown) can Iv created with similar methods, using only minor modifications. In this invention the 
pathways with bioProcesses are preferred because the provide the most information about the interactions 
within the space constrains, while the connected bioReservoirs can be accessed by just clicking on two icons 
Mixed pathways may become very large. 

g) Navigation Panel 

• An interface and methods are provided to constraint all the capabilities provided in regard to navigation and 
display of pathways, to limit the scope of the search to an space selected by the user based on the different 
levels of compartmentaliiation. This feature can be accessed through a) a Navigation Panel, which can be 
requested from each bioReservoir and is dynamically created with the bioReservoir as the reference point: or bi 
an Experiment Panel. The Navigation Panel is to be used in General Mode, and is not available in Simulation 
Mod*, since the methods do not activate the subworkspaces of the selected structures, as do tho>e associated 
with the Simulation Mode, described below. 

• As shown in FIC.32, selecting the "navig-panel" option (3203) from a bioReservoir (3201 ) calls the 
create-direction-panel-callback (Table 177) which displays a Selection Panel (3204). Selecting now the 
Upstream radio button calls the select-direction-callback (Table 178), which in this case further calls the 
create>upstream-navig-panel<allback (similar to Table 179), which calls the navig-create-upstream-lists-proc 
(similar to Table 180). which creates two lists with all of its upstream bioReservoirs and bioProcesses. and the 
complete-navig-panel-callback (Table 186). which creates a Nav igation Panel (320?) containing a scroll-area 
13202) alreadv configured to list all the possible levels of bioModeN. the compartments within the Virtual 
Model, tn which such bioReservoir or all or its upstream bioProcesse> are contained. The user now has to 
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•eiect the desired scope of the search space by selecting one of those bioModels. By selecting for example in this 
case the cytosol of the Go phase of a fibroblast (3202) and then selecting the LIST button (3207) calls the 
list-navigation-UBP-callback (similar to Table 181), which creates new lists and calls the 
navig-read-up-scroll-proc (similar to Table 182) to populate the new lists, displayed on the Panel (3208), with 
the members of the previous upstream lists that are contained in such bioModel (and all its encapsulated 
compartments). Those lists display the number of elements it contains, alerting the user about the potential size 
of the resulting pathway, and if too large or too small the operation can be reset and a different bioModel, 
lower or higher in the hierarchy, can be selected. Selecting any of those lists (3208) displays (3209) its members 
and selecting any of those members (3202) allows direct access to the named bioObject (3210) on its original 
bioModel (3211), and displaying its details (3212) allows to further interactively navigate through the 
upstream or downstream pathways of such particular bioObjeci. 

• The user can now select the PATHWAY button (3213), which calls the navig-draw-UBP<allback (similar to 
Table 183), which calls the navig-create-local-UBP-callback (similar to Table 184) to create a 
navig-path-tracer, by cloning a master structure which subworkspace is partially built, which is transferred to 
the Panel (3214) and its subworkspace is displayed and further configured by calling the 
navig-create-local-UBP-callback (similar to Table 184), which actions are similar to those previously discussed 
in reference to F1C.31 , resulting in the display of the selected pathway (3215). Bv selecting anv of those 
bioProcesses (3216) and displaying its details (3217) allows to further interactively navigate through the 
upstream or downstream pathways of such particular bioProcess. Selecting the RESET button calls the 
reset-navigation-callback (Table 187) which destroys the lists and the navig-path-tracer upon the Panel, 
enabling the selection of a different bioModel and repeat the process, and selecting the DELETE button delete* 
or recycles the Panei. 

4. Simulation Mode: Simulating the Virtual Models 
ai Initialization 

• The Simulation Mode can be restricted to any desired set of individ ual users, bv packaging the application 
accordingly. The domain-menu comprise the heads: "Pathway Libraries" and " Panels", and allows also 
changing between user modes. Before a simulation can be run, the application must be appropriately initialized 
tor such purpose. This is accomplished by accessing tlw "Panels" menu and selecting the "Initialization Panel" 
option, which displays the Initialization Panel. 

• Initialization is necessary only if the application has been started or reset, or if additions or changes have been 
made in the part of the application to be simulated since the last Initialization. The "Add Simul" button is to be 
selected only after the "Navig Init" was been successfully concluded. If changes to the database have been made 
by the modeler since die "Navig Init" was last concluded, or if the application has been restarted, then th* 
"Simul Init" button should be selected, since it comprises the methods of the other two. The common purpose of 
both buttons is to scan the application for the availability of certain values of the bioReservoirs that define the 
initial conditions required by the simulation, and if those values have not been provided bv the modeler, to .nrer 
those values from other values provided by the modeler, and if none of the alternative source of values are 
available, either default values will be used, including symbolic approximations, or. dependmg on the attribute 
which value is missing, to send messages to the user to provide any of the alternative values and also to provide 
messages to the to be used any time that the user request a predefined querv that involves that kind of 
knowledge. 

• Selecting the "Add Simul" button calls the add-simul-callback, which in turn calls the simul-init-pax: (Table 
188), while selecting the "Simul Init" button calls the simul-init-callback (Table 188), which differs in that it 
rirst calls the navig-init-proc (Table 99). before calling the simul-init-proc (Table 1 88). which in turn di*s the 
following: 

a) it calls the send-no-input-messages-proc (Table 188) which scans the loaded application for every 
bioReservoir that has a name but that has no inputs, either in the form of bioProcesses connected to its 
biopool-p-posts, or as input model-blocks connected to its bioPool. and it sends a message to the user tor each of 
those bioReservoirs found with no inputs, as a warning for the user to take appropriated measures if tho~ 
bioReserv oirs are to be involved in a simulation. The simulation proceeds also without those values, since 
inputs can also be provided through the Simulation Panel as user inputs, or otherwise the quantity of *uch 
bioPool will initially be whatever value the modeler has set or the program will set for the hasal'-quant.tv 
parameter used, or its default value, and it may or may not be exhausted during the simulation run. 

b) it creates a set of four lists, which are transferred to the Initialization Panel, and which are provided to 
inform the user about the source of the values for the Scaling-Density attribute of each bioPool. bv adding the 
name of each bioReserv oir to one of those lists, which elements that meet the following criteria: i) the list 
labeled L'NList contains all bioReserv oirs which initial-value of the Scaling-Density was provided by the 
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modeler: ii) the list labeled ANList contains all bioReservoirs which initial-value or the Scaling-Density was 
set by the program to equal the value, provided by the modeler, of the if-scaling-amount of that bioReservoir; iii) 
the list labeled RNList contains all bioRes«rvoirs which initial-value of the Scaling- Density was set bv the 
program to equal the value of the if-scaling-amount of a bioReservoir which name was entered bv the modeler in 
the "if-scaling-bioReservoir" attribute of the original bioReservoir; iv) the list labeled DNList contains all 
bioReservoirs which initial-value of the Scaling-Density was was set by the program to equal the default value 
of 100.0. To do so, for each bioReservoir it scans the value of its Scaiing-Density and if it has a non-default 
value it en ters the name of such bioReservoir to the first of those lists, otherwise it calls the 
set-scaling-density-proc (Table 188) which sorts and adds the bioReservoir to one of the other three lists, 
following the criteria mentioned above, after setting the value of the Scaling-Density of its bioPool accordingly 
•. The set-scaling-density-proc (Table 190) discussed above is the method used in the current implementation of 
this invention in conjunction with the scaled reasoning used as default. An alternative method for setting the 
values of the scaling-density attribute, to be used when more quantitative information is available for the 
system to be modeled, and in which case the modeler may prefer the mixed absolute/ scaled type of reasoning, in 
which case an alternative procedure, the long-set-scaling-density-proc (Table 189)should be called. This 
alternative method is much more complex but also more specific, and involves the known values of the 
kinetic-parameters of the participating bioReactants for each process. A mixed approach can also be developed 
where if those kinetic-parameters are known then the reasoning of this procedure is applied, and if they are not 
available, then the previous more generic procedure is called. 

• The "Icons lnit" button calls the init-icons-callback (Table 118). which function is not essential for the 
functioning of this system, but which provides a very useful cosmetic function, by realigning the tracers in the 
subworkspaces of bioReservoirs and bioProcesses and making their connections invisible. Selection of this 
button is not necessary every time the application is started, and it can be selected any time thereafter, when 
problems are detected, in any mode other than Simulation Mode (where those subworkspaces mav be 
deactivated). The same effect is achieved for individual bioReserv oirs or bioProcesses by slightlv moving and 
repositioning their bioPool or bioEngine. respectively, which triggers their respective icon-movement rules, as 
defined in Table 81, which also apply to repositioning the bioRole-posts any time a bioReactant or bioProduct 
is moved. 

• Selecting the "Inil All" button calls alt-init-callback (Table 119), which in turn calls the all the initialization 
procedures mentioned above, and selecting the "Hide" button calls the hide-workspace-callback, which hides 
this Tanei. 

• With the alternative way of simulation where the original bioObjects are used, when selecting Simulation Mode 
from another mode starts the version of thechange-mode-proc shown in Table 7, which causes the 
subworkspaces of all bioReservoirs and all bioProcesses to be deactivated, and during the processing involved 
in activ ating a submodel for simulation, the subworkspaces of only the bioReservoirs and bioProcesses selected 
to participate in such simulation will be activated; while when leaving Simulation Mode to another mode 
causes the subworkspaces of all bioReservoirs and all bioProcesses to be activated again The version of the 
change-mode-proc used with the other simulation alternative, where copies of only those bioObjects to he u-*d 
are created, does nor contain the lines revering to activation or activation of subworkspaces 

b) Simulation Panel and Procedures 

• Because the applications build with this system can become very large, it is important to have control over 
which parts of the Virtual Model are included in a given simulation. To control performance, two 
implementations are provided with this system, each having advantages over the other depending on the 
hardware facilities available: 

- In the first implementation, the constraining of the simulation space is achiev ed by using activatable 
subworkspaces for composite bioObjects, such as bioReservoirs. bioProcesses, and certain time-compartment?, 
and by having all those structures initialized to a deactivated slate When the subworkspace of an object ir 
deactivated, any structure upon that subworkspace is not seen by the inference engine or the simulator Onl v 
the subworkspaces of the desired structures at any given time are activated, and onlv their contents are 
therefore participating in a given simulation and associated inferences. Methods associated with buttons on the 
entry-panels used for simulations, and experiments, activate the subworkspaces of bioObjects connected alonu 
the desired pathways and contained within the selected bioModel or compartment, and this activation i- 
necessary for propagating values along the pathways. Inactivation of those subworkspaces occur upon 
resetting the selection within those panels. This mechanism is also very utile in activating or deactivating entirr 
branches of a simulation model at run-time. The efficiency of large scale simulation applications is further 
improved by having the initiation of the simulation of different subcomponents of the high-level bioModel Iv 
driven by events, when appropriate, or by time interv als. This implementation allows only a single user to run 
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^mutation, concurren.lv, since the attribute values of the bioObjects change during the simulation as well a, 
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•vncnronously or as fast as possible, which is more appropriate for simulating models which actions take place 
tver ion? time periods). 

• This Panel permits the user to enter the input value (3306) to be added to the Accumulation ot such bioReservoir 
and the rime (3307) of such input. Help burtons in each section of the Simulation Panel provides instructions tor 
the user in how to proceed, such as the one (3310) which subworkspace is shown (331 1 ). Following those 
instructions, selecting the LIST button (3313) calls the list-simul-callback (Table 195), which finds the previous 
lists and then calls the read-scroll-proc (Table 196) to search for the members of those lists that are contained in 
thebioModel selected by the user, as previously discussed, and fill the lists labeled DBRL (331-1) with 
downstream bioReservoirs. the SDBPL list (3315) with downstream bioProcesses, and the the UDRL list with 
bioReservoirs that provide the inputs for such bioProcesses but which are not included in the first list. 

• As shown in FIG.34. selecting one of the bioReservoir lists (3314) displays a workspace (3401 ) with pointers to 
each of the elements of that list, which allows to examine the bioReservoir that are to be included in the 
simulation. Selecting any of those pointers (3402) allows the user to either display the table of attributes (not 
shown) of that bioReservoir or to directly display the bioReservoir and its subworkspace (3419) of its 
bioReservoirs Bin. In a similar way, selecting the SDBPL list (3814) displays the pointers (3405) to the 
bioProcesses that are to be included in the simulation, which upon selection (3406) directly displays the 
bioProcess and its subworkspace (3425). The user can examine those lists to decide whether the selection made 
is appropriate before proceeding. If not satisfy the user can reset the panel, and transfer to the panel additional 
or different submodels, and press the "List" button again. 

• When a Simulation Panel is created, the "Activate" and "Start" buttons are disabled to prevent the user of 
taking such steps prematurely. When the processing associated with the LIST button is completed, the 
ACTIVATE button (331?) is enabled, and when selected it calls its associated procedure, which is one of three 
listed (Table 197) and specific for each type of Simulation Panel. Such procedures check that a value has been 
entered by the user and then call activate-simulation-proc (Table 1°8), which in rum: a) looks on the Panel for 
the three lists created above and calls the activate-model-proc (Table 199) with those lists as arguments. As 
discussed in sections above, upon entering the Simulation Mode the subworkspace of all bioReservoirs and 
bioProcesses are deactivated, so that their variables become inaccessible to the simulator. The function of thi> 
procedure is now to scan the DBRL, DBPL, and L'BRL lists and activate the subworkspaces of each of their 
elements, which are the ones that will be now included in the simulation, after which returns back to the 
previous procedure, which scans for the Basal-Density attribute of the now accessible bioPool of each of the 
bioReservoirs on those DBRL and L'BRL lists and if its value has been modified by the user then it adds the 
nameot the bioReserv oir to the User-BC list of the set described below, and if its value has a default value then 
it calls the basal-density-proc (Table 200) for such bioReservoir. 

• A simulation starts with the baseline model, after being initialized by setting the initial values of the initial 
amounts of the bioPools (concentrations, densities, scaled-amounts, or other quantities, depending on how the 
biol\x>ls involved where defined) to be equal to the values of the corresponding basal amounts. In order to 
activate the system, a disturbance may be introduced by entering one or more input values through the 
entry-panel of the desired bioReservoir, or through the desired experiment-selections of the experiment-pane I 
By entering different values for those variables, or by changing the values of the constant parameters, what-if 
analysis can be performed on the system. Montecarlo simulations can be performed using a 
montecarlo-model-block as an input to each of the bioPools desired as test inputs, as explained in other vection. 
and the simulation can then be started from either the en try- pan el of a desired bioReservoir. or through the 
desired experiment-selections of the experiment-panel, without entering entry- values. The history of values for 
each of the variables of interest can be stored in the form of a matrix-like structure that is an array of arravs of 
values for each variable or parameter. The values of those arrays are transient values that can be used for 
statistical and sensitivity analysis within this system, or can be archived to a text file external to the <vstem i>t 
this invention, or the values can be transferred to an external statistical package for further analysis In 
addition, if the values of those arrays are desired in a permanent form within this system, this is accomplished 
by using the procedure provided to make the initial values of an array equal to the list of its current value*, 
separated by commas. 

• The basal-density-proc (Table 200) has an important inference role since the value of the Basal-Density (or the 
Basal-Concentration) is used when the simulation is started as the initial value for the state variable of the 
bioPool, the Accumulanon. The task of this procedure is to obtain a value for that attribute, if the u*er ha* nut 
specifically entered one. from other data and information contained in other attributes of that bioReservoir i>r 
its bioPool. It also uses a set of lists contained in the structure labeled OA (3317) upon the Simulation I'jnel to 
-ort and list all the bioReservoirs to be included in the simulation, to indicate the source of those value* u?«d t.ir 
the Basal-Density. The user can examine the results of that inference after the pmcessing associated with the 
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BA bu«on (3317) displays .» subworkspace with a set of lists filled by the program following the criteria 
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which ot the bioReservotrs got the value from each of the alternative more or less precise sources. 

• Various alternative versions of this procedure are made available, which are disabled and the one preferred is 
enab.ed by the modeler to better match the particular application. Alternative*, each of the alternate 
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i\ the inout-time edit-box. Each of those procedures then call start-simulation-proc (Table 203), which requests 
-ne Simula tur to run the model as previously defined in the model-definition 

• During the simularion run the model-simulation-proc (Table 204) is called once every simulation cvcle. which 
sets the values of the attributes current-simulation-time and cun-ent-simulation-time-increment of the 
entry-panel. The user can select the T" button (3325) to display its subworkspace, which contains a digital 
display of those values as well as the values of other performance parameters. This procedure also calls the 
compute-graph-transform-proc (Table 205) described beiow. 

• By selecting the PAUSE button (3323) or the RESUME button (3324), which call their associated procedures 
(Table 206), the user can pause and resume the simularion at will. By selecting the RESET button (3326) the 
reset-simulation-callback (Table 207) resets all the buttons on the Panel and calls the reset-proc (Table 207 j. 
which: a) first it scans the DBRL, UBRL. and DBPL lists and resets each of the bioReservoirs and bioProducts 
listed, including their status attributes, their icons and deactivating their subworkspaces; and b) then delete 
those lists. Note than when a Simulation Panel is created, most of its buttons are disabled, and they are enabled 
as the previous step has been selected by the user and completed by the program, at which point the button of 
that previous step is disabled. Disabled and disabled buttons have different appearances, and this 
implementation both guides the user about which steps are available at each point in time, including RESET 
which is enabled at all times, and furthermore, prevents the user from taking steps ahead of time by mistake. The 
DELETE button (3327) is disabled when the LISTS button is selected and it is not enabled until the reset is 
completed, prev enting the user from deleting the panel before all the participants in the simulation that mav have 
oeen modified are reset. 

• The procedures that are modified for the alternative implementation of the simulation, when copies are used 
instead of the original bioProcesses and bioReservoirs so that the values of the originals are not modified, are 
listed in Tables 21 1 through 221 ). 

• Digital and Graphic Displays of Dynamic Values 

- This *ystem's graphic interface allows simulations to be followed in different ways, including: 

- creating pathways on a workspace where dummy copies of the bioProcesses involved, or full copies of both the 
bioReserv oirs and bioProcesses involved (depending on the alternative method of simulation used) of all the 
participating), are located in sequence and the corresponding connections between them are drawn. This 
structures allow to further interactively navigate through the system as usual, including back to the originals 
from which the copies were made. 

- animation by color changes of the activated components ; 

- display of the current values of desired variables in digital form; 

- dynamically created graphs of a set of time series of the values of desired variables: and 

- dynamic charts of the values of a variable versus another variable; 

• Selecting the details option of any of the bioReservoirs or bioProcesses that take part in the simulation allow- 
to follow up the quantitative simulation by providing access to the different structures in their subworkspaces 
Only the icons upon subworkspaces that are activated are active. Therefore, when in Simulation Mode the 
capabilities now to In; described, as well as the navigation capabilities, are restricted to onlv those structure- 
that are selected participants for that simulation. The current values of the variables of each bioReservoir or 
hioProcess are by default displayed in digital form (3403 and 3404) To dynamically display the time cour>e ot 
the values those variables for the time frame selected during a simulation graph-tracers are used, which 
subworkspaces with a graph and associated structures are not stored, but are rather created or deleted when 
the user selects one of such tracers. These methods are described now . 

- A graph-tracer is an object (Table 32) connected either to a bioPoot (?421 and 3428) or a bioEngme (342nj. u-e^i 
to control the dynamic creation and display at run-time of a graph which plots the values over time of kev 
variables or parameters of the bioObject where they are contained, scaled or absolute v ersions for 
bioReservoirs. Selecting the "show -plot" option calls the graph-trocer-handler-proc (Table 208). which 
depending on the class of the graph-tracer from which it was invoked calls either the scaled-BR-tjraph-proc 
(Table 208). the absolute-BR-graph-proc. or the scaled-BP-graph-pnx, which first create a subworkspace tor 
that tracer with all its contents by cloning the subworkspace of the corresponding prebuilt master structure, 
and then configure the labels of the graphs (3423 and 3428) and the ref-bioreservoir or ref-bioprocess attribute 
ot each ot the graph-tranf-vars upon such new subworkspace to refer specifically to ihat bioReservoir (341VI 
or biol'rocess (3425), respectively. 

- The design ot graphs and associated structures deal with plotting multiple variable which values differ K 
orders ot magnitude on graph structures that do not provide multiple axis scales. In the current implementation.' 
the system automatically adjusts the scale to the current values of the time-series to be plotted, using a svstem ot 
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jitermediary variables to dynamically transform those disparate values into others that fit a common scale. 
This set of new variables are instances of subclasses of the class transf-factor-var (Table 15), a float-variable. 
A representative example of the attribute table of a default instance of one of those subclasses, a 
velocity-transf-factor, is shown (Table 209). Among the attributes of transf-factor-var are: "transform ", which 
value is given by an instance of the class graph-transf-var (Table 14); and "ref-variable", which makes 
reference to the particular attribute of a bioObject that provides the input value. The Label and the Transform 
value are displayed. The role of the graph-transf-var is to hold a transformed value of the current value of the 
parameter or variable referred to by its "ref-variabU?". The transformed value is suitable for plotting within 
the scale of the related graph. The role of the transf-factor-var is to hold the value of the factor necessary to 
obtain the desired transformation, as inferred by the compute-graph-transforms-proc (Table 205) only when a 
simulation-model is running. Each subclass of the class transf-factor-var corresponds to one of the bioObject s 
attributes to be transformed, which matches the value defined for the "label" attribute of each subclass The 
;ransf-factor-var provides by itself the order of magnitude of the variable it transforms. 

- Selecting the "hide-s.graph" option (Table 210) of the bioReservoir, which appears onlv when the graph upon 
the subworkspace of the scaled-BR-graph-tracer exists, or deselecting the graph-tracer,' or selecting the delete 
option directly from the subworkspace of the tracer deletes that subworkspace with its contents. The same 
applies for the other classes of graph tracers. 

• Scaled Computation Approach for the Variables of bioReservoirs and bioProcesses 

- The formulas of the parameters and variables that dynamically characterize a bioPool. deoend on other numenr 
variables or parameters that are either attributes of the bioPool or its bioReservoir. or that are attributes or the 
bioKeactants and bioProducts that represent such bioReservoir in different bioProcesses. Table 83 lists a 
representative set of formulas, as examples of generic simulation formulas comprised in this invention to 
simulate a set of scaled-valued variables and Table 84 lists a set of generic simulation formulas specific for the 
Contribuhon of different subclasses of bioReactants that incorporate the values of scaled-valued variables or 
parameters. Table 86 lists a set of generic simulation formulas that are alternatives to the formulas in the set 
shown in Table 84, and which can be used in this invention to incorporate the values of absolute-valued 
variables or parameters into the Contribution of each bioReactant. These formulas for the Contribution do 
scale those absolute values using either a linear or sigmoid approach, depending the role in a bioProcess 
represented by each class of bioReactant. Therefore, since the output of the Contribution is dimensionless 
whether the inputs are scaled (as in the case of using the formulas in Table 84) or absolute (as in the case of 
using the formulas in Table 86), it is now possible to integrate in a single bioProcess a mixture of bioReservoi rs 
where some of those bioReservoirs use only the scaled-valued variables while other bioReservoirs called of 
mixed-type, use a mix of the scaled-valued variables, such as the Scaled-Amount, and absolute-valued variables 
such as the Density. Those nvo values are interconvertible by using the value of the Scaling-Densitv as 
computed by the formula for the Density in Table 86, so the user mav be able to display the output of a 
simulation also as converted back into Density units in this case. The Contribution can be used in conjuncr.on 
with either absolute-valued or scaled-valued variables, and therefore allows to integrate parts of the 
simulanon where the absolute values of parameters and initial conditions are known, where other parts of the 
simulation where those values are unknown an have to be approximated, which is best done when us.n K 
Jimensionless values. 

- The Quantity of the bioPool is the only quantitative output value propagated from anv component of a 
bioReservoir to any component of a bioProcess. That output quan tity value of the bioPool is used to compute 
either: a) the value of the Velocity of each bioEngine connected to each bioReactant connected to such bioPool 
wh.ch is the method normally used when using the absolute computation approach, to be discussed below and 
b) the value of the Contribution of each bioReactant connected to such bioPool, which is an intermediary 
variable which in turn is used to compute the value of the Velocity of the bioEngine to which that bioReactant „ 
connected, tn combination with the Contributions of all bioReactants connected to such bioEngine. this being the 
preferred method used when the scaled reasoning mode of simulation is preferred bv the modeler or user The 
formulas for the variables that give the value for the Contribution are specific for different classes of 
bioReactants, as more specifically defined in Tables 83 and 84. The formulas for the classes that represent 
reactants that bind to specific sites other reactants. such as subsrrate.r, ligand.r. inhibitor or ion.r. are 
designed as to pnwide a sigmoid scaling around their characteristic kinetic parameters, which implicitly 
provides a smoothed thresholding of the Quantity of the bioPool tor that particular bioProcess. as represented 
by the b.oReactant. When using the scaled-valued set of variables, the Scaled-Amoum is used in conjunction 
with the corresponding scaled kinetic parameter, as the examples given in Table W. show. The formula* for the 
Contribution for other classes of bioReactant. such as receptorrorenzymer. are designed as to provide a linear 
scaling trom none to their maximum observed value, represented as UU) if such absolute value i> unknown. In 
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contrast with the absolute mode of computation, where there may be great variability in the formulas needed to 
provide the value for the Velocity, depending on the class of bioEngine involved, in the scaled mode of 
computation the variability is introduced, to a much lesser extent in the simulation formulas that provide the 
value for the Contribution, while only one very generic simulation formula is required for the Velocity of all 
classes of bioEngines. As listed in Table 83, the very generic simulation formula for the Velocity included in the 
current implementation of this invention integrates various coefficients and a rate-constant to give the modeler 
or user the flexibility of by changing the values of those attributes of the bioEngine to modify the behavior of the 
system in different ways, without the need to write specific formulas for each situation, while the default values 
of those attributes do not affect the system. 

The Velocity of each bioEngine in rum is used to compute: a) the Production-Rate any bioProduct connected to 
such bioEngine; and b) the Consumption-Rate any bioReactant connected to such bioEngine, which mav be 0.0 if 
such bioReactant represents a reactant that is not consumed in such process, or may have a value that may be 
withdrawn from a bioPool as an output (like any standard Consumption -Rate), but then retained for a period of 
time and then returned back to the bioPool as an input Hike any standard Production-Rate will do), as specified 
by methods specific for the variables of such particular pair of bioReactant and bioPool, or for a group of such 
pair which are idenhf iable by some specific common attribute, or which are defined as separate subclasses of 
their respective classes. 

Several bioProcesses may contribute through their outputs to the Input-Rate of that bioPool. which values are 
then integrated when computing the value of the Accumulation of that bioPool. Users can also add (or removal 
an absolute or scaled amount during a simulation to the selected bioPool, by having specific procedures setting 
the values of specific attributes of the bioPool, as discussed above, which are then integrated into the 
Accumulation by its simulation formula. 

The Basal-Quantity (which may be either a Basal-Concentration, a Basal-Density, or a Scaled-Basal-Amount) 
represents the initial conditions, and provides the initial-value for the integration of Accumulation, which is a 
state variable that integrates all other dependent variables. When using the scaled-valued set of variables, the 
value of the Scaled-Amount is the value of the Accumulation constrained to a range within 0.0 and 1 .0. The 
values of the Concentration or Density are constrained to not be less that 0.0. 

In this invention, the value of variables or parameters that are attributes of bioObjects upon the subworkspace 
of bioReservoirs and bioProcesses, can be simulated only if the subworkspace of the bioReservoir or bioProcess 
upon which it is located is activated. When the user selects simulation mode, the subworkspace* of all 
bioReservoirs and bioProcesses are deactivated, and only those that are to participate in a simulation run are 
activated. This is a mechanism to improve performance of what may become an extremely large svstem of 
parameters and variables. In the current implementation of this invention, each of the values is computed once 
each simulation cycle using the equations defined by simulation formulas. 

The implementation of the intermedia ry variable, the Contribution, is a novel and very important teaching ot 
this invention, particularly in applications when the knowledge of the quantitative parameters and initial 
conditions of the system are incomplete, or when a more abstract and generic svstem is desired, such as when 
providing a Shell to be used in different and unpredicted ways. This implementation is relevant in several 
different ways. It allows to treat each of the bioReactant of a bioProcess as a generic self-contained unit, which 
allows to model also participants tn a bioProcess which are known to interact but which exact roles in such 
process are unknown, where the velocity is genetically computed by simply multiplying the contributions ot anv 
participant that the modeler may want to model. These generic units become even more generic when used in 
combination with the set of scaled-valued variables, which allow the user to enter values based on expert 
knowledge, or quickly perform what-if analysis. Another important result of using the Contribution is that. a> 
discussed above, allow to perform quantitative simulations that integrate into the Velocity of anv biol'n>ce>» 
values originated from bioReservoirs with both types of absolute-valued and scaled-valued variables. This 
means that those parts of the complex model where the absolute values of their kinetic parameters and initial 
conditions are known can be integrated with other parts of the complex model where relative values are used 
because the absolute values may be unknown. 

The abstraction provided by the Contribution also facilitates the use of bioProcesses as black-boxes, which are 
also be implemented in the current system of this invention without using the Contribution. Black-boxes art- 
used to represent any type of participant that is known to cause something to change somewhere down the line, 
even if it is known that other intermediaries are involved, but where the details or identity or even the exigence 
of those intermediaries is unknown. The bioReactants in a black-box represent the entities fof hioPix'li >)) that 
cause some effect on some other distant entities or bioProducts (the input to other bioPool(s)). and like in other 
genenc bioProcesses. either the kinetic-coefficient (scaled or absolute) that modifies each bioReactant. or the 
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-ate-constant that modifies the overall process, representing the proportionality factor between the quantitv of 
:auseisi and the quantity of effects, can be used. 

• Absolute Computation Approach for the Variables of bioReservoirs and bioFrocesses 

- More standard ways of quantitative simulations using the known absolute values of the svstem parameters and 
initial conditions, can be performed by using only the set of absolute-valued variables or parameters and bv 
using a different set of generic simulation formulas, such as those shown in Table 85. From those variables the 
one that offers more variability in the formulas needed for each class of bioEngine hi the Velocitv which is in 
contrast with the scaled mode of computation where only one very generic simulation formula is required for the 
Velocity of all classes of bioEngines. It is also possible to write very complex simulation formulas to encompass 
a variety of different situations, such as that in Table 82 to be described below. The value of the Velocitv erf a " 
b.oEngine in this approach depends directly on the Quantities of the bioPools connected to each bioReactant 
connected to such bioEngine, which is the method normally used when the formulas that give the value of the 
\ eloaty are those that represent the equations that a biochemist will normally use to compute the velocitv of a 
reaction, based on the quantities of the reactants and on some known kinetic parameters, such as the Michael* 
constant (Km), inhibition constant (Ki) or the equilibrium dissociation constant, and which the preferred 
method used when the absolute reasoning mode of simulation is preferred bv the modeler or user The 
simulations formulas for the Velocity of absolute-valued enzymes, such as that listed in Table 8* (which is 
equivalent to the Briggs and Haldane approach where V = n» kp1EnS|/<|S| * Km * X), where X = lif no 
inhibitors is connected to the bioEngine, or X - O [l|/Ki ) if an inhibitors is also connected to the bioEneine) 
assume the instantaneous or initial velocity approach, since increases or decreases in the Concentra rion of the ' 
substrate are updated at small time intervals in this invention. 

• Following are some examples of how the common knowledge of chemists is implemented in .recurrent invention 

- For receptor-b.oEngines or enzyme-bioEngines with multiple equal binding sites, the velocities can represent 

rS£!n£ .7£T,[ <>T T : ^ *' genCriC 5imulaHon formula fornon<ooperative^inding ,s equivalent to V = 
n Kp [EnS|/(Ks+!S|), and represents the situation where binding at one site has no effect on the intrinsic 
dissociation constants of the vacant sites, yielding hyperbolic velocity curves, and being impossible to tell from 
*e kinetics whether there is 1 pmole with n identical sites or n pmoles of 1 site; and b) the generic simularion 
formula tor cooperative-binding represents the simple sequential interaction model of an alk>steric enzvme with 
2 cooperative substrate sites. It is modeled as two substrates connected to the same bioPool, but each of those 
tnoKeactants have different dissociation constants, and the simulation formula is equivalent to 
V=n-kp- l Er([SJ/Ksl + |Sr2 /Ks 2-2)/(H2-tSI/K S U(Sr2 / Ks2^). Here, the binding of one substrate 
moleculeincreases the affinities of the vacant sites for the next substrate molecules, yielding sigmoid velocitv 
curves. Thus, the sigmoid response acts as a smooth "on-off switch", and at intermediate specific velocities 
this provides a much more sensitive control of the reaction rate by variations in the substrate Concentration 
Allostenc enzymes generally resultin sigmoid velocity curves due to cooperative binding, either positive or 
negative (binding one molecule facilitates binding of the next). The Hill Equation is used for an enzvme with n 
equivalent S binding sites, if the cooperativity is very marked, in which case the Km of the single substrate r has 
to be set, not equal to the real Km but rather equal apparent Km to the n power. Under these conditions 
dominated by |S|*n. the equation can be amplified to V = kp'|Er|S]^/(Km V|S]^). For enzvme-bioEneme, 
the apphcation ,n this invention focus on regulatory pathways, which are controlled bv enzvmes whichacr.v* 
torm ,s only present in catalytic amounts and a steady-state is assumed. For receptor-bioEngines, which include 
processes tor other specific binding proteins, the generic formula for the velocity represents the svstem a. 
equilibrium, and isequivalent to v.JRLhnJRJ. /(U(Ks/(L|)). 

- ^ibirion can be modeled in different ways, and the modeler has to decide what best represents each situation 
Table 82 lists a very generic formula that allows the modeler to connect to the bioEngine one inhibitor-reactan, 
mat can be ot any one ot the tour common types represented by the four defined subclasses of inhibitor-reactam 
This formula ,s capable of first detecting which subclass of inhibitor-reactant is connected to the bioEn«me and 
then applying the equation with one of the alternative modifiers included which apply to that particular tv P * of 
inhibitor. However, some of those types of inhibitors may be better represented in the'svstem of this invention 
as competing w,th the substrate from a separate bbProcess. which allows for a more intuitive representation 
and understandmg or such competition and a higher level of manipulation bv the user, which are in fact some of 
the advantages ottered by the system of this invention when compared with other more global modelm* 
approaches. Competitive inhibition may be modeled within the corresponding bioEngine. with the uenenc 
formula such as that in Table 85. Noncompetitive inhibition is best modeled as a separate 
complex-tormation-process between the en/yme and the inhibitor that competes for the enzvme bv heinc 
connected to the same bioPool. Feedback inhibition should always be modeled bv a separate bioProcess Anv 
further velocity equations can be derived in the same manner, by using well established equations in the field of 
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iMochemical kinetics, and the reader is referred to standard references, such as SegelJ.H. ,1976, Biochemical 
Calculations 2nd Edition. John Wiley St Sons, New York. 

c) Experiment Panel and Procedures 

• An Experiment Panel is a facility that allows to perform many of the previously discussed, but with the 
additional feature: the capability of using multiple points of reference for the generation of lists, creation of 
pathways, or as the recipients of quantitative inputs for simulations. In contrast to the Simulation Panels, 
which are are dynamically created and deleted when requested from the bioReservoir that serves as point of 
reference, and , a Library of Experiment Panels are created as permanent generic structures with different 
designs, accessible through the "Panels" head of the domain-menus associated with the General Mode (2920) 
and with the Simulation Mode previously discussed. Each Experiment Panel is the subworkspace of an 
instance of entry-panel created by cloning the Master-Experiment-Setup-Panel. As shown in FIG.35, selecting 
one of those options (3502) from the domain-menu (3501 ) displays the subworkspace (3502) of the named 
entry-panel, which corresponds to one of those predesigned Experiment Panels. The new components of such 
Panel are round structures (3504) organized in columns and rows which are instances of class 
experiment-selection (Table 222). New designs are created by delenng of adding any number of such 
auxiliary structures, used to select the combination of bioReservoirs that are to serve as the points of reference 
in such experiments, and also to allow the user to enter the input values for quantitative simulations of such 
experiments 

• Selecting one of the experiment-selections (3504) displays its table of attributes (3505) which allows to: ai 
enter a short name in its "label" attribute displayed on top of the icon, b) select a bioReservoir, as entered in its 
"ref-bioreservoir" slot, and c) enter whether "currently selected" is true or false. The values of those attributes 
are sufficient to perform any of the qualitative tasks associated with this panel. If a quantitative simulation i> 
desired, any of the values for the other optional attributes may be entered, such as those for an absolute-valued 
input or an scaled-valued input, time of input, time interval for periodic entries, and entry frequency, which 
have the same use as those previously discussed in relation to F1C.33. The configurations of any or all those 
experiment-selections can be stored for later use. and the combinations of different experiment-selections to be 
included in a particular experiment may be quickly changed at will by changing the value of the "currently 
selected", since only those with such value set to true, which get also highlighted with a different color, are 
included in the processing when any of the tasks is requested. This allows the user to have a set of experiment 
designs for those types of experiments most frequently used. The BIORESERVOIRS button (3506) provides a 
graphic tool to facilitate the task of the user in selecting the appropriate name to enter in the "ref-bioreservoir" 
attribute of those experiment-selections, to be selected from among the large number of bioResen oirs in the 
Virtual Model. Selecting this button displays its subworkspace (3507) if one exists, or calls the 
BR-scroll-callback (Table 223) which creates one, containing an scroll-area listing in alphabetical order all the 
named bioReservoirs loaded on memory, and which in addition to providing the specific nomenclature used for 
Jesired bioReservoirs. it allows to directly access and verify the details of a selected bioReservoir. 

• Upon entering the choices of "ref-bioreservoir" and setting the value true for the desired combination or 
experiment-selections, the user can proceed by selecting the PROCESSS button, which calls the 
process-exper-callback (Table 224), which creates a set of lists and then scans the Panel to find all 
experiment-selections which Currently-selected is true and the Ref-bioreservoir has a value, which are inserted 
in the "Exper. Selections" list (3512). and for each such experiment-selection found, it calls the same 
fill-br-doxvnstream-lists-proc (Table 194) called from the Simulation Panel to fill the other two lists, one (3513) 
listing all downstream bioResen oirs of all those bioReservoirs named by the experiment-selections in the 
previous list, and the other (351 4) listing all downstream bioProcesses of all those bioReservoirs named bv the 
expenment-selecnons in the first list: and then finds all the bioModels that include "all" of those bioReservoir- 
and bioProcesses listed in those lists, and creates an scroll-area displaying those bioModels. to allow the user 
to select the desired scope of inclusion, as described in reference to F1C.32. Selecting the CLEAR button (3529) 
calls clear-exper-callback (Table 225) which deletes those lists and the scroll-area, to allow making different 
selections and repeating the PROCESS. The other buttons on the Panel have similar or equal tuncnons a> tho*e 
described for the Simulation Panel, and therefore here only the differences will be briefly highlighted. The 
reader is referred to the Tables 225 through 233 for a more detailed description of the processing involved. 
Selecting the LIST button (3515) calls the list-exper-callback (Table 226) which creates a new set of lists: 
SDBRL (3516), SDBPL (3517), and L'BRL (3518) lists, and finds the members of the prev.ous »et> ot lists tnat 
are contained in the selected bioModel. 

• Selecting the PATHWAY button (3520) calls the draw-exper-pathway-callback (Table 227), which creates a 
navis-path-tracer (3531 ) together with its subworkspace by cloning the Master-Navig-Pathwav and transfers 
it to the Panel, and then it scans the "Exper. Selections" list and tor each bioReservoir li>ted calls the 
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create-local-exper-BP-proc (Table 228), while setting the value of the x-pos to a value close to the initial 
position when changing from one bioReservoir to the next, which performs a processing verv similar to that 
described earher for the create-local-UBP-proc (Table 1 76) for the upstream direction. Now. instead of once as 
before that procedure is called as many times as bioReservoirs are in the "Exper. Selections" list. One example 
or the dtsplay of one of those multi-origin pathways is shown in FIC.36, which are more complex. The path wavs 
star, from multiple mitial bioReservoirs, and the pathways from latter initial points are connected, whenever 
thepo SSI b>l.ty arises, to the pathways from former initial points already on the Experiment Pathway Display 
Alternate implementations of any of the types of pathways is to include in the drawing of the pathways* not 
only the ^Processes, but also the bioReservoirs that are intermediaries between those Uess^lhech inL 
process. The procedures for those alternative implementations (not shown) apply the same methods and need 
only minor modifications to create, transfer and connect the intermediary bioReservoirs. 
• This Experiment Panel can be used either for the only purpose of generating those complex pathways or they 
can be further used to perform quantitative simulations that apply to the variables and parameter of the " 
components ot those pathways. For that purpose, the remaining buttons and structures to be used in the 

AST'S T* TlST" d T* ed ^ ™ d ^ P rocedures caJ,ed "P™ of the such buttons 

?m i . v 7 } "* y minWr modificahons o( *°se described for the corresponding button, of the 
Simulation Panel, to incorporate the fact that now there is not just one bioReservoir but the various 
bioReservoirs in the "Exper. Selections" list to consider, 
d) Simulating Complex Models 

" 1 J^^.™^*^^™P™«to V mm may be more precisely denned than others, the 
> stem of th,s invention integrates a variety of methods to allow modeling and simulations while accommodate 
the uneven ypes ot knowledge a vaiiable. The following describes how the heterogeneous forms oT^ST" 
are integrated in the system of this invention: * 

' tTTZl SUffide,U infcmtt,ion ^ anowed » ^velop mathematical models to represent a 

knovv edge-base^ giving the user theoption to integrate them in their simulations. This tvpeof knowfede "is 
usually mcluded in the form of the parameters characteristic of the system and the initial iZ ont the 
u^derlaymg architecture of the network is matched, or it can be implemented directlv by mcxieling oamcu U 
inputs or outputs as model-blocks. ' ' moae " n * P a "icuiar 

- Intermediate levels of information about a sequence of events, or effects following a cause or combination of 

:S l Zl th V OnSmjCti0 r °' ^ioral networks that JL cons^n^Tv the d Tt 

a "n^dSSi". nT mtma,S ' C T X * !? C ° m P artmen,S « which M»vion occurred, concentrate level, 
at tv h.ch different behaviors were observed, and so on.... This type of information is used to design the 
compa.tmental.zed architecture of the network, and to provide semiquantitative values to the scaled 
parameters and initial conditions. 

• Heuristic and shallow knowledge can be integrated in the form of either rules or formulas for mferred 
nS^m " W ' ,h " d,S,am eHi<t With ° Uf de,ailed desc "P n °" °' *• ""known underlay^ 

• Depending on the amount and type of information and data available about the svstem to be modeled and the 
nature and sue ot the bioModels to be deve.oped. the system of this invention s mav op^ZtSt 

'SZ^srr^ simulaHon mode vvith wen known metabo,ic p aihwavs - »*»**™ ™v 

be run in quantitative mode, but since in most biological systems both qualitative and quantitative information 

mcom P'«*' « ",ay be difficult to simulate with accuracy such biological systems. However the 
sem^uanntarive methods integrated in the system of this invention allows to gain insight about the degree and 
direction ot change ,n the model variables, and their quantity levels at different points In time. 

• Of major *mpomnce in simulating the behavior of biological systems is the need * model the different state, m 

C ° mpleX h ^ al enhHes ' such » «»s. «n be found a, different points in time, and also to model the 
events that cause the transitions from one state to another. There are several major types of states and 
ti-ansitions to be considered, depending of whether the biological entity to be considered ,s a biological system 
organ, cell, cellular compartment, molecule or any other entity. We are providing here with jus, a lew examples 
among the many considered in the currently preferred embodiment of this invention. " 

' toZ^IlT?* T' t0 tUneany P 3 " 50 ' th *<™P** model, including in 

the ab.l.ty to wnte formulas specific for the individual instances of variables that are attnbutes of the 

HoReservoirs or bioProducts that model any such specific part of the complex model. Within those formula. 

temporal reasoning is further achieved in the system of this invention in several wavs. such as by <pec.fv,n" 

nmes or time .ntervals. using quantitative time constraints such as the expressions: during the las, 30 second* j< 

or a minutes ago, or between 3 hours ago and 4 hours ago. Fuzzy time intervals and time constraints may be ' " 
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•oeciried if so desired to handle the uncertainty encountered in biochemical systems. The simulation can he 
ivnenronous or asynchronous, by setting different simulation time intervals for sets of variables of 
bioProcesses and bioReservoirs that represent different parts of the complex mode'.. 

• The simulation can be continuous or time-constrained, and either way may be differentially applied to different 
parts of the complex model. To accomplish that, the simulation formulas can be complemented with rules that 
monitor those simulated variables to either set other values, particularly those that are further integrated into 
an state variable, or by controlling parts of the model. For example, a bioProcess or a bioReservoir can be 
programmed to be active only for certain time intervals during a simulation run, by means of rules or procedures 
that control the activation and deactivation of its subworkspace. Those time intervals may be either directly 
specified or dependent on the values of other parameters or variables or any of their combinations. Rules may 
be defined to monitor the simulated values of specific variables, such as the Quantity of a given bioPool or the 
Velocity of a given bioEngine, to be compared with a specified threshold, that when reached causes that rule to 
trigger some actions, such as setting the values of other parameters or variables, or activating and deactivating 
the subworkspace of one or more bioProcesses or bioReservoirs, or starting one or more procedures. Such rules 
in turn may be: a) it-type rules with their "scan-interval" attributes set to a specified time interval that 
preferably matches the time-interval used for the simulated variables, which means that such rules are invoked 
once every such interval; or b) whenever-type rules that are invoked whenever the specified variable receives a 
value and which trigger specified actions when such value fulfills any specified constraints; or c) initially-type 
rules, that may for example be hidden in the subworkspace of a bioEngine or bioPool, and which will be 
invoked once every time the subworkspace of their superior bioProcess or bioReservoir is activated, and which 
may trigger any of the actions described above which may apply to any bioProcess or bioReservoir in the 
complex model. 

• One of the several applications of this invention is that of a system for signal processing and signal integration 
In such system, simulations can have three levels of control through: 

- the interactions explicitly modeled in the architecture of the graphic design of this invention, namely the 
network of connected bioReservoirs and bioProcesses, which represent and determines the specific interaction* 
of the different components of the complex model; 

- the propagation through such network of the dynamic changes in the values of the variables of such components; 
and 

- through the signals transmitted by the smoothed thresholding implicit in the design of the Contribution variables 
of the bioKeactants which determine the output values of the Velocity of the bioEngines, and 

- through the ra tes of consumption of the bioReactants and the rates of production of the bioProducts. that 
determine new changes in the values of the Concentrations, now amplified to a larger number of bioPools. whicn 
in tum initiate new waves of value propagations. 

• The simulation starts after a perturbation, such as a Concentration-Entry, Density-Entry or Scaled-Entrv, has 
been introduced and integrated in the overall system's equation: d|E|(t)/dt = [El(t) * entry + I input>(t) - n*|E|Ctl 
- Z outputs t) In this system, the bioReservoirs and bioProcesses placed in a biological compartment-laver a re 
activated successively in time and space, as the activation signal is propagating forwards based on various 
chaining relationships between those structures established dunng the initialization process according to the 
downstream or upstream positions of each of those structures respect to the others. 

• When starting the knowledge base. theC2-s finds the initial values for all variables that receive values trom 
simulation formulas, and then executes the main simulation procedure. For each simulation evele, the 
C2-simulator evaluates in order: 1 . simulated state variables and parameters , 2. dependent variables and 
parameters, and 3. the main simulation procedure. The C2-s only ev aluates one, the most specific simulation 
formula for each variable" 

• BioReservoirs which variables have scaled values can be mixed in a simulation with BioReservoirs which 
variables have quantitative values, since both types of outputs are integrated at the bioProcesr. level onlv atrer 
being transformed to a scaled value. However, the output values of the variables of BioReservoirs and of the 
thresholding parameters, such as Km, Kd, Ki or kp, have to be of the same type, either quantitative or scaled 
The choice of scaled values between 0.0 and 100.0 for basal-Concentration, based on the knowledge of the 
domain expert, can also be entered manually within the table of attnbutes of the bioReserv oir. 

• Tabular functions of one argument allow to deal with situations when the algebraic relationship between two 
bioVariables is not known but experimental data is available, which allows to build a table that relate a >*t 
of values that represents the magnitude of a cause with the set of values that represents the magnitude of the 
corresponding mechanistic effects or cellular responses, and straiuht-line interpolation i> optional. The>e are 
important tools to biologist who frequently measure complex cellular responses to external factors. 
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?. Alternative Implementations and Variations 

a) An equivalent system can be build with a less graphic interface by substituting each of the comoonent- 

STe^a^TJ^r'T^" 0 " 7 iCOnk UP ° n ° f * e subwo ^»-e of bioReservoirs and 

^Processes, and representmg them mstead as attributes of the bioReservoirs and bioProcesses respective* 
Examples of th.s alternative implementation are shown in Tables . and ... The corresr^in^neZ^ould 
need on y mtnor modifications, such as for examp.e. by substituting the current express! TJS£ u^ the 
subworkspace of btoReservoir X" with "the bioPool that is an attribute of bioReservoir X" or subsn^uhnT.h, 
current express.on "the bioReactant-1 connected at por»-l of the bioEng.e uponTsTbwoX^e o " 
each o,T U '' th " b i ReaCtan< - 1 BioReservoir X", where each of L speTnc bioRe^ selected to 
each o the specmc stubs or a specific type of bioEng.ne are now converted imo specific «tn^l££tfic 
type ot b^Process, and where those attributes are not values but objects, and where those objects mlvLv ..T 
attrfcuteso^ 
alsobe.mplementedas^ 

Outp u , 3. By defintnga spec,f ,c attnbute, such as "post" for these new classes of objects, the specific clisum 
connects can now be established by giving the same unique value to the "post" attributes of o^ of .Se 
fcoReactant attnbutes of , .bioProcess and one of the Output attributes of a b^ 0 ir.o7bv g"ng the same 

atTu'testf* V : ^ a ^ bUteS 1 ^ ° f *• bioPr0dUCt attributes of a bi ° p ™*« *"d one^f he np" 
attnbutes of a b.oResen-o.r. The result of this alternative implementation is that the different levels of 

encapsulation currently provided through the workspace hierarchy would then be provided bv an attribute 

".erarchy, and the current representation of those components by their icons would be then ,imS ££T 

SZTST-t; tabWi5 °' attr ! bUteS ' Whkh a,S ° °' * e ^pleme^Sn ^nv o?I 

1 A,f ^ U ' * thC menuS °» ,COns of ^ponents or other auxiharv icons can be assoca^ in 
*e altemam e .mplementation as menu options of the supenor bioReservoirs and bio^ses as m Tnv ^ 

prete^ embodtmen, ot m.sinvent.on is that the more graphic interface's more intuitive for the usTand eas.er 
to u*. The d.sadvantage ,s the additional memory required to store the additional graphical strictures 

^ a T atiVe 1 "L^!" C ° mp,eX k ™-'«*«-«™tures bioReservoir and bioProcess bv the 

components encapsulated ,n their respective subworkspaces. after some modifications. One of le Lera. 

structures encapsulate the details and simplifies the schemattcs, and makes easv the cloning and *aS! o, the 
preconstructed structures from one location to another, makmg the task of developing neT T«\ 
e-tingHmemuch faster and keeping comp^x schema^ stm^r. 

required to store the additional graphical structures. aaa.tional memur> 

0 An alternative more compact implementation thauvould still allow developing multidimensional pathway 
bypass.ng the need tor bioReservoirs, is to directly connect al, the bioReacantpos, and bTp^u^ hat ,n 

lieZta^^^^ 

SSTdT,^', ^ attnbute < as cu ™"y ^fmed for theclass bioReservoir could instead h* 

^yt^^ 

b.oResen o.r, could be implemented as attributes of the currently corresponding bioEngin" 
d) Other of the many alternatives include: storing the bioReservoir or equivalent structure within the 
subworkspace of the bioEntity; or storing the b.oEnhty within the subworkspace of Z b ioR^oir 
^ ev er, note that ,n the current implementahon, the bioEntities are stored iLpe ndentW ^7e ^r,^ 
because tn many cases, and particularly dealing with very large applications, i, may not be n«lss""ZZJ 
o e b.Ent.ty tor each bioReservoir. and instead pmtotypic bioEnhhes can be used" tha re sS bv ^ n T 

SriTnTIT T u"**' a "° ,her al,ema,,Ve " 5t ° n ^ *' ,he b*oReservo,rs tha, inle CU en- 

.mplementatton would reter to the same bioEnhty m the subworkspace of such bioEntity. 
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e) The concepts and methods subject of this invention can be applied with each of the object-oriented expert system 
shells from various vendors, after those capabilities not provided by that particular shell are additionally 
encoded. An equivalent of those capabilities of the selected shell that are required to apply the concepts and 
methods of this invention may also be custom built from scratch or by combining a set of off-the-shelf 
components. 

f) There are many sophisticated capabilities that can be further developed with this system, which a 
knowledgeable expert can derive from the teachings of this invention. Here, only a few important ones of which 
will be described in detail: 

g) As an alternative, the methods here represented could in part be compiled using this Shell or other shells of the 
compiled type, including but not limited to RTworks and Activation Framework. The compilation may improve 
performance at runtime by eliminating graphical interpretation of the iconic components . However, compilation 
does not facilitate frequent modifications of the design and information contained in the iconic components , a 
feature which is of great importance when modeling biochemical systems, the knowledge of which is being 
continually updated and improved. 

h) The same concepts described in this invention can be slightly modified by a person skilled in the art. to 
incorporate multiple inheritance capabilities, allowing the bioObjects to inherit attributes from two or more 
superior classes. Additional controls and code may be required in that case to resolve conflicts that may appear 
when more than one superior class have the same attributes but receiving values from different sources, or 
through different methods. 

i) Many of the symbolic variables or parameters could be also represented as logical variables or parameters, 
with or without fuzzy-beliefs, by simply changing the language of the attribute name and its values. For 
instance, an attribute called tint us could have values: available, uiikiwun and unavailable; or it could 
alternatively be called is-<i;w/rtWc and have values true, unknown or fain; the unknown associated :nth 
Jruzzy-Mitfs , such as the range 02-0.8. 

j) To further control the behavior of any component of a simulation, different types of filters could be applied to. 
for example, the Density (or Concentration) of bioPools or to the Velocity of bioEngines. These filters can be of 
any of the types of filters used in signal processing control systems, such as low -pass or ideal high-pass filters ( 

such as H(j»)=«H < '* 0 for I wl > else H(j<i>)=0 ), Gaussian filters (H(u)=e' < « l,, ' /V2 *e-i Mto and others). Such 

filters could be executed in either formulas or procedures, that could be generic for a whole class of variables, 
or more specific for certain instances or group of instances. The specific filters are more useful if fine control is 
required. 

k) The Density (or Concentration) of a bk>Pool is the result of multiple interactions and is represented as a 

differential equation in the present embodiment. Alternatively, it could be represented as a discrete-time linear 
system or a continuous-time linear system of equations, or whenever the Shell is able to handle vector*, js their 
equivalent matrix system. Difference or differential equations can be converted to state form, and the state 
variables of the system are them described as a state vector, the coeff icients of the variables are described a* a 
system matrix and the forcing terms are described as the forcing vector, following standard procedures 
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TABLE I 



I. Group of variableStructures 

Group ol Parameters 
Group of Variables 
Class Lists 
Class Array 

II. Group of visualOhjects 
A. Auxiliary Took 

Class Button 

Class Graph-Tracer 

Class scaled-BR-graphTracer 
Class absolute- BR-graphTracer 
Class scaied-BP-grapuTracer 

Class Lists-Tracer 

Class BR-eliaining-Tracer 
Class BP-chaining-Tracer 
Class Query-Tracer 
Class Basal-densitv-source-Tracer 
Class BR-scroll -Tracer 

Class Path-Tracer 
Class Down-paih-Tracer 
Class Up-path-Tracer 
Class Complex-path-Tracer 

Class Action-Button 

Class go-io-sw- Button 
Class palcttcButton 
Class go-to-ws-Buuon 
Class liide-ws-Buuon 
Class go-to-sup-obj-Buiion 
Class Change-Mode-Button 
Class Resizc-Button 

Class hioConnection 

Class P-conneetion 
Class R -connection 
Class Link 
Class Line 
Class Graph-Link 
Class Icon-Wire 

Class bioPost 
Class bioPool-Post 
Class bioPool-R-Post 
Class bioPool-P-Post 
Class hioRole-Post 
Class bioRcacuim-Post 
Class bioPnxluct-Post 

Other Took 

Class Inference-block 
Class MtHlel-block 
Hass Model-box 
Class Experiment-Selection 
Class hioEntity-Notes 
Class bioRelerence 



B. Class bioOhject 

Class bioView-Object 

Class bioModel 

Class bioProcess 

Class bioReservoir 

Class bioEntity 

Class bioKole-Object 
Class bioReaciani 
Class bioProduct 

Class bioNode-Object 

Class bioPool 

Class sol-mol-pool 
Class bound-mol-pool 
Class mcmbr-bound-mol-pool 
Class bioEngine 
(see subclasses in TABLE 62) 

C. Group of Panels 

Selection-Panel 

Query-Panel 

Entry-Panel 

D. Group of Punel .Controls 

Class Toggle-Buitom 
Class Radio- Buttom 
Class Check-Box 
Class Type-in-Box 

E. Croup of Displays 
Class Graph 
Class Scroll Area 
Class Message 



IV. Group of Inference and 
Simulation Structures 
Class Relation 
Class Rule 

Class Tabular-Function 

Class Generic-Formula 

Class Generic-Simulation-Formula 

Class Specific-Formula 

Class Specific-Simulation-Formula 

Class Units-ol-Mcasure-Declarauon 

Class Uscr-Mcnu-Choice 

Class Procedure 
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Class name outcome-par 

Superior class svmbouc-pararameier 

Attributes specific to class none 

Inherited attributes none 

Default settings initial value lor symbolic- parameter: wiilun-Uireshold 



TABLE 0? 


Class name 


int-par 


Superior class 


integer-parameter 


Attributes specific to class 


none 


Deiauli settings 


opuons for parameter: do forward chain 


Icon description 


width 40: height 40: 


Class name 


generation-number-par 


Superior class 


ini-par 


Attributes specific to cuss 


none 


Default setting* 


initial value for integer-parameter: 1 


Class name 


x-pos 


Superior class 


int-par 


Attributes specific to class 


none 


Default settings 


none 


Attribute displays 


lasi-tvcorded-valueat standard position 


Icon description 


width 50: height 18: 


Class name 


y-pos 


Superior class 


int-par 


Attributes specific to class 


none 


Default settings 


none 


Attribute displays 


lasl-recorded-value at standard position 


Icon description 


width 5th height 18: 


TABLE 4 


Class name 


ileal- par 


Superior class 


float- parameter 


Attributes specific to class 


none 


Default settings 


options for parameter: do forward chain. 


initial value for float- parameter: 0.0 


Class name 


phenorype-par 


Superior class 


float- par 


Attributes specific to class 


none 


Default sellings 


data type for quantitative- parameter: percent 


Class name 


cell-number-par 


Superior class 


lloat-par 


Attributes specific to class 


none 


Default settings 


data type for quantitative-parameter: cells 


Class name 


cell-radius- par 


Superior class 


flout- par 


Attributes specific to class 


none 


Default settings 


data type for qtianuiaiive-rarumcier. microns'. 


initial value for quantitative-parameter: 10 


Class name 


cell-mass- par 


Superior class 


lloat-par 


Attributes specific to class 


none 


Default settings 


initial value for float- parameter: 0.0 


Class name 


compartment- sun ace- par 


Superior class 


lloat-par 


Attributes specific to class 


none 


Default settings 


initial value lor quantitative-parameter l ).*»e-W: 


data type for quantitative-parameter, sq- microns 


Class name 


compartment- volume-par 


Superior class 


lloat-par 


Attributes specific to class 


none 


Default settings 


initial value for quantitative-parameter: V 9e-W: 


data type for quantitative-parameter: liters 


Class name 


cell- volume-par 


Superior class 


float-par 


Attributes specific to class 


none 


Default sellings 


initial value for quantitative-parameter. 1 .5c- 1 1 : 


data type forquamiiauve-parameter: liter- 


ft. 
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TABLE 5 

CI j:.s name temperature par 

Superior class floai-par 
Attributes specific to class none 

Default settings initial value for float-parameter: 37.0: 

da, a '>T e ^r quantitative parameter degrees 

Class name temp factor- par 

Superior class floai-par 

Attributes specific to class none 

Default sellings initial value for float-parameter: 1.0 

Class name pH-par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value foT float-parameter: 7.4 

Class name pH-factor-par 

Superior class float-par 

Attributes specific to class none 

Dclault settings initial value for float-parameter: 1.0 

Class name bias- par 

Superior class float-par 

Attributes specific to class none 

Default settings initial value for float -parameter 0.0 

Class name alplia-*.oeff-par 

Superior class float-par 

Attributes specific to class none 

Dolault settings initial value for float-parameter: 1 .0 

Class name tau-coelf-par 

Superior class float-par 

Attributes specific to class ntwe 

Dcfauit settings initial value for float-parameter 1.0 

Class name rate-consiant-par 

Superior class float-par 

At tributes specific to class none 

Delauli settings initial value for float-parameter: 0.0 

Class name cell-progresskm-rate-cotisiam-par 

iupenor class rale-constant-par 

Attributes specific to class none 

Default sellings initial value for floai-parameier: 0.0 

TABLE 6 

Class name phvsiol-amount-par 

Superior class float-par 

Attribute* specific to class none 

Dclaull sellings initial value for float -parameter: V.9e-99 

Class name phvsiol-conc-par 

Superior class physiol-amouni-par 

Attributes specific to class mmc 

™.™! *?!l'.?r dau «>T* Muantitative-parameter molar 

Class name physioltlcnsity-par 

Superior class physiol-amouni-par 

Attributes specific to class none 

Default sellings Jala type for quaniitaiivc-parameier: upce 

Class name physiol -cell -cone -par 

Superior clas* physiol-amouni-par 

Attributes specific to class none 

!™ aU ' 1 scll ' n?s data l >T* fw quantitative-parameter: ce-p-ml 

Class name r*ysiol-i:ell-*knsiiv.par 

Superior class physiol-amouni-par 

Atmbutcs specific to class none 

* tfl " ns * Ja,a W I'^r quantitativc-paramcter cc-p-co 

Class name scalinc-densirv-par 

Superior class lloai-par 

Aliribuics specific to class set-by -user is false 

Dclault settings initial value lor quantitative-parameter: 99.999; 

Jata type lor quantitative-parameter: upce 
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TABLE 7 



Class name 
Superior class 
Attributes specific to class 
Default settings 


basal-amoum-par 

float-par 

none 

initial value for float-parameter: 9.9e-99 


Class name 
Superior class 
Attributes specific to class 
Default settings 


basal-conc-par 

basal-amount-par 

none 

data type for quantitative-parameter: m 


Class name 
Superior class 
Attributes specific to class 
Default settings 


basal-quamiry-par 
basal-amouni-par 
none 

data type for quantitative-parameter, units 


Class name 
Superior class 
Attributes specific to clxss 
Default settings 


basal-densiiy-par 
basat-amouni-par 
none 

data type for quantitative-parameter: upce 


Class name 
Superior class 
Inherited attributes 
Default settings 


basal-cell -cone -par 

basal-amount-par 

none 

data type for quantitative-parameter: cepl 


Class name 
Superior class 
Inherited attributes 
Default settings 


basal-ccll-dcnsiry-par 

basal-amount-par 

none 

data type for quantitative-parameter: cepco 



TABLE 8 



Class name time-delay -par 

Superior class int-par 

Attributes specific to class none 

Default settings data type fix quantitative-parameter: seconds: 
initial value for integer-parameter. 0 

Class name elapsed-simul-time-par 

Superior class int-par 

Attributes specific to class none 

Default settings data type lor quantitative-parameter seconds 

Class name activation-imerval-par 

Superior class float-par 

Attributes specific to class none 

Default settings data type for quantitative-parameter: seconds 



Class name 


clock-interval-par 


Superior class 


activation-iiucrval-par 


Attributes specific to class 


none 


Class name 


lime-inierval-par 


Superior class 


acuvaiion-intcrval-par 


Attributes specific to class 


none 


Class name 


deaciivation-inicrval-par 


Superior class 


float-par 


Attributes specific to class 


none 


Class name 


t imer-count -down -par 


Superior class 


int-par 


Attributes specific to class 


none 


Default settings 


initial value for float-parameter: 8MOO.0 




datatype for quantitative-parameter: seconds 


Class name 


timer -count-up- par 


Superior class 


float-par 


Attributes specific to clxss 


none 


Default settings 


initial value fur float-parameter: 0.0: 




jata type lor quantitative-parameter: seconds 



n 
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TABLE 9 



Class name iloat-pvar 

Superior class lloai-parametcr 

Auribuies specific to class none 

Inherited attributes none 

Default settings options lor parameter: do forward chain 

Icon description tloat-pvar-pattern (width 50: height 40) 

Class name e ntrv-p var 

Superior class lloat-pvar 

Attributes specific to class none 

Inherited attributes none 

Default settings history keeping spec: keep history with 

maximum number of data points = 4 



Class name 
Superior class 
Attributes specific to class 
LA.11UJ11 settings 


sealcd-cniry-pvar 

entry-pvar 

none 

initial value for quantitative-parameter: 0.0 


Class name 
Superior class 
Attributes specific to class 
Default settings 


amoum-cntry-pvar 

entry-pvar 

none 

■■until wuui jor quunuiuiivc-parametcn U.O 


Class name 
Superior class 
Attributes specific to class 
Default settings 


eonc-entry-pvar 

amoum-cntry-pvar 

none 

data type for quantitative-parameter: m 


Class name 
Superior class 
Attributes specific to class 
Default settings 


density-entry-pvar 
amoum-cntry-pvar 
none 

data type for quantitative-parameter: upce 


Class name 
Superior class 
Attributes specific to class 
Default settings 


quamity-cmry-pvar 

amount-cntry-pvar 

none 

data type for quantitative-parameter: units 


Class name 
Superior class 
Auribuies specific to class 
Default settings 


cell-conc-entry-pvar 

amouni-cmry-pvar 

none 

data type for quantitative-parameter: cepl 


Class name 
Superior class 
Attributes specific to class 
Default settings 


ccll-dcnsity-cntry-pvar 
amount -entry-pvar 
none 

data type for quantitative-parameter: cepco 
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TABLE 10 



Class name amount-pvar 
Superior class float-pvar 
Attributes specific to class none 

Default settings initial value for float -parameter: 9.9e-99; 

history keeping spec: keep history with 
maximum age of data points = 10 minutes 



Class name accumulation-pvar 

Superior class amount-pvar 

Attributes specific to class none 

Default settings ' none 



Class name scaled-amount-pvar 
Superior class lloat-pvar 
Attributes specific to class none 

Default settings initial value for float-parameter: 9.9e-99: 

history keeping spec: keep history with 
maximum age of data points = 10 minutes 



v_ioss name 


CUIll* L'Vill 


Superior class 


amount-pvar 


Attributes specific to class 


none 


Default settings 


data type for quantitative-parameter: m 


Class name 


density-pvar 


Superior class 


amount-pvar 


Attributes specific to class 


none 


Default settings 


data type for quantitative-parameter: upce 


Class name 


cell-conc-pvar 


Superior class 


amount-pvar 


Attributes specific to class 


none 


Default settings 


data type for quantitative-parameter: cepl 


Class name 


cell-dcnsity-pvar 


Superior class 


amount-pvar 


Attributes specific to class 


none 


Default settings 


data type for quantitative-parameter: cepco 


Class name 


quantity-pvar 


Superior class 


amount-pvar 


Attributes specific to class 


none 


Default settings 


data type for quantitative-parameter: units 


Class name 


contribution-pvar 


Superior class 


float-pvar 


Attributes specific to class 


none 


Default settings 


initial value for float-parameter: 9.9e-99; 


history keeping spec: keep history with 




maximum age ol data points = 10 minutes 
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Class name 
Superior class 
Attributes specific lo class 

Class restrictions 



Menu option 
Inherited attributes 

Icon description 



TABLE 42 

bioentiiy 
hioobicci 
id is "": 

references is "": 

unless in administrator. or developer mode: menu choices exclude 

additionally: go-to-suhworkspacc. disable, describe, name, move- 
when in simulation, navigation, or general mode: 
menu choices lor bioentiiy exclude additionally: transfer. 

clone, chance-size, color, crcaie-local. delete': 
non-menu ciwices lor item exclude additionally move-object, 
move-connection, click -io-edit 
not a final menu choice 
label is "". with an index: 
description is "" 

hiocniity -pattern (width MX): height 80: dark-color ■ dim-gray, 
light-color ■ lichi-cray. while-color o white. ivpe-color~« ' 
purple, status-color = rnedium-aquanurine : 



TABLE 43 



Class name 
Superu>r class 
Attributes specific to class 

Class restrictions 

Menu option 



simple-bioeniiiy 
bioentiiy 
position is ""; 

superior-bioemity. with an index: 
when in developer or modeler mode: 

menu choices lor simple-bioeniitv include additionally: rotate- reflect 
not a final menu choice 



Class name protein-site 

Superior class simple-bioentitv 

Attributes specific to class none 

Menu option not a final nwnu choice 

Attribute displays position at standard position: 

label offset by (-30. 35> 

f' ,ui>ii a link located'at bottom 14 

Icon description width 28: lieight 40: 

Class name lieand.site 

Superior class protein-site 

Attributes specific u> class none 

Icon description ligandsiie-paiiem t width 3*: height 26: lime-green) 

Class name ivr.siie 

Superior class protein-sue 

Attrihuies specific to class none 

Icon description ivr.siie-patiem i width 28: height 40: green ) 

Class name protein-modified-croup 

Superior class simple-bioentiiv 

Attributes specific to class modifiers is ""' 

Menu option not a final menu choice 

Attribute displays position at standard position: 

label offset by 1-30. 35 1 

s,ubs a link located'at bottom 15 

Icon description proiein-modified-CToup-paiteni t width 30: height 32) 

Class name gly.isoprenyl.linker 

Superior class protein-modified- croup 

Attributes specific to class none 

Sluhs a link located ai rioht 20 

™? dcscri ! >, ' 0,, glyisoprenyl Jinker-patiern t width <*: height 3<S: violet ) 

Class name lyr.p-group 

Superior class proteiii-ntodified-group 

Attributes specific to class none 

Stubs inhenied 

Icon description lyr.p-croup-paitem i width 30: heiehi 32: ereeni 
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TABLE 44 



Cla>> name 

Supcuur class 

Attributes specific 10 class 



Menu option 



complex-bioontiry 
bioentiry 

toggle-state has values show or hide (default is HIDE) 
warnings is '"; 

niaster-bioeiuiiy. with an index 
not a final menu choice 



Class name 

Superior class 

Aunbuies specific to class 

Class restrictions 



Menu option 



hioemity -component 
complex-bioentiry 
superior-bioemiiy: 
position is "" 

when in developer or modeler mode: 
menu choices tor bioemity-componeni 

include additionally: roiaie -reflect 
not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



membrane 
biocniity -component 
none 

not a final menu choice 
membrane-pattern (width 20. height 130: 



Class name 


plasma-membrane 


Superior class 


membrane 


Attributes specific to class 


none 


Icon description 


. ptasma-membrane-pattern 




Class name 


protein-component 


Superior class 


hioentity -component 


Attribute* specific to class 


none 


Menu option 


not a final menu choice 


Attribute displays 


label offset bv i -45. -45) 



Class name protein-domain 
Superior class protein-component 
Attributes specific to class none 
Attribute displays label offset by < -42. 1 At: 

position offset by < -47. -25) 
Stubs a link located at top 40: 

a link located at right 23: 

a link located at bottom 40: 

a link located at left 23 
Icon description protein -domain -pattern t width SO: heichi 4M 



Class name fibroneciin-rype-JIl-domain 

Superior class protein-domain 

Attributes specific to class none 

Icon description fibroneciin-type-111 -domain-pattern 



Class name 
Superior class 
Attributes specific to class 
Menu option 



dna-componeni 
bioentuv .component 
sue is () BASH-PAIRS 
not a final menu choice 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Stubs 



Icon description 



dna-motif 

dna-componem 

position is "" 

a final menu choice 

a link located at top 40: 

a link located at right 23. 

a link located at bottom 40: 

a link located at left 23 

dna-domatn-pattern i width KO: lietuhi 4(Si 



Class name taia-box 

Superior class dna-niotii 

Attributes specific to clas> none 

Icon description laia-box-paiiorn 
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TABLE 45 



Class name 

Superior class 

Attributes specific to class 



Menu option 
Stubs 



molecule 

complex -bioeniity 
synonims is "": 
Hi-species is " " : 
in-lissucs is " 
in-cetls is " ": 
in-organelles is " " 
not a final menu choice 
a link located at top SO: 
a link located at right 40: 
a link located at bottom 50: 
a link located at left 40 



Class name 

Superior class 

Attributes specific to class 



Icon description 



Class name 

Superior class 

Attributes specific to class 



Menu option 
Icon description 



Class name 
Superior class 
Attributes specific to class 
Icon description 



protein 
molecule 

cas-number is 00000-00-0. with an index: 
number-am ino-acids 
sequence is " ": 

mol-weight is 0 DALTONS. with an index: 
isoelectric-point is 0.0: 

protcin-pauem (width 100: height 80: dark-color = dim-gray, 
light-color = light-gray, white-color = white, type-color = 
yellow, status-color = medium-aquamarine: 

enzyme 
protein 

cas-number is "EC 0-0-0-000". with an index: 

substrates-info is "": 

inhibitors-info is "": 

ligand-info is "" 

not a final menu choice 

enzyme-palicm (width 100; height 80: 

dark-color » dim-gray, light-color = light-gray. 

type-color a red. status-color = dark-gray: 

p.tyr.kinase 

enzyme 

none 

p.iyr.kinase-pattem ( type-color = coral) 



a p.tyr.kinase 

Names 
Label 

Description 
Id 

Toggle state 
References 
Master bioeniity 
Synonims 
In species 
In tissues 
In cells 
In organelles 
Cas number 
Mol weight 
Isoelectric point 
Sequence 
Substrates info 
Inhibitors info 
Li sands info 



none 



hide 



none 



"EC 0-0-0-000" 
0 DALTONS 
0.0 



/&1 
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TABLE 46 



Class name 



bioenutv-notes 



Superior class bioiool 
Attributes specific to class label is "". with an index: 

toggle-state has values show or hide (default is Hlufc.) 
Class restrictions unless in administrator or developer mode: 

selecting any bioenliry-notes implies details 
Attribute displays label offset by <-42. 20> „...,.,„,, . 

Icon description bioentity-notcs-pattem (width 74. height 48: dark-color = 

dim-grav. lieht-color = light-gray, white-color = white: 



Class name image 
Superior class bioentity-notes 
Attributes specific to class label is "". with an index: 

references is 
Icon description function, noies-patiem 



Class name mol.sequence 
Superior class bioeniity-notes 
Attributes specific to class label is "". with an index: 

lenght is "": 

description is "": 

references is "": 

id. with an index: 

action-proc-name is crb-go-uv-subws: 
toggle-suite has values show or hide (default is HIDE) 
Icon description moLscquence-pauern 

Class name function.notes 
Superior class bioenuiy-noies 
Attributes specific to class label is "". with an index: 

references is *'": 
Icon description function.notes-pattern 



Class name refercnce.notes 
Superior class biocnuty-notes 
Attributes specific to class none 
Icon description reference.notes-patiem 



Class name dendrogram 
Superior class bioeniity-notes 
Attributes specific to class label is "Dendrogram" 
references is "": 
comments is "" 
Icon description dendrogram-pattern 



lib 
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TABLE 47 



Class name 

Superior class 

Attributes specific to class 



Capabiliiics and restrictions 
Class restrictions 



Menu option 
Attribute displays 
Icon description 



biorescrvoir 
bioview-object 

references is given by a references-array: 
compartment is "": 
rcf-biocmiiy is none: 
master-bioreservoir is none: 

status lias values available, selected, selected- tor-input, 
selected-for-outpui. down-selected, up-selected, forw- 
aciivated. back-activated, downstream-activated, upstream- 
activated, or deactivated (default is AVAILABLE). 

decay-rate-f actor is 2.0c-4: 

if-sealing-biorcscrvoir is none: 

if-scaling-amount is 100: 

scaled-basal-amount is 9.9e-9: 

physiol-abundance has values highest, abundant, sicadv-state. 

low-induced, or only-induced (dctault is ONLY-INDUCED) 
activatable-subworkspacc 

unless in administrator or developer mode: menu choices 
exclude additionally: go-to-subworkspace. clone: 
attributes visible exclude additionallv: siatus: toscle-siaio. 
master-bioreservoir: 
when in simulation, navigation or general mode: 
menu choices exclude additionally: move. name, color, 
delete, disable, change-size, create-subworkspacc. 
transfer, describe, clean-clone: 
non-menu choices exclude additionallv: move-object: 
when in general mode: 
menu choices exclude additionallv: simul-panel. 

show-s.graph. hide-s.graph: 
attributes visible exclude additionally: decay-ratc-l actor, 
scaled-basal-amount: if-scalinc-biorcservoir. 
u-scaling-amouiu. 
when in navigation mode: 

selection of any biorcservoir implies details 
not a final menu choice 
label offset by (-57. -30) 
bioreservoir-pattem ( width V6: height 56: 
dark-color = dim-gray, light-color = lieht-gray. 
»vnne-color = white, status-color = medium-aquamaneic. 
flag-color = medium-aquamanne. type-color = palc-grccn. 



Class name 
Superior class 
Attributes specific to class 

Class name 
Superior class 
Attributes specific to class 
Icon description 

Class name 

Superior class 

Attributes specific to class 



bound-mol-rcscrvoir 
bioreservoir 

normai-basal-deasiiy is y.yc-yy: 
physiol-max-density is y.ye-yy 

macri vcomplc x -rcscrvoi r 

nound-mol-rescrvoir 

none 

inherited 

cell-receptor-rcscrvoir 

bound-mol-rescrvoir 

none 



Class name 

Superior class 

Attributes specific to class 



mcmhr-bound-rcscrvoir 

bound-mol-rcscrvoir 

none 



/// 
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TABLE 48 



Class name 


sol-niol -reservoir 


Superior class 


bioreservoir 


Attributes specific to class 


nornial-basal-concentraiion is 9.9c- yy - . 




physiol-max-conccmratkm is 9.9e-99 


Class name 


i nt-sol - mol - reservoir 


Superior class 


sol-mol-rcscrvoir 


Attributes specific to class 


none 


Class name 


ext-sol-mol-reservoir 


Superior class 


sol-mol-reservoir 


Attributes specific to class 


none 




Class name 


genet- mol-rcscrvoir 


Superior class 


bioreservoir 


Attributes specific to class 


normal- basal-densi iv is y.ye-yy: 


physiol-max-density is y.ye-99 


Class name 


exp-cell-rescrvoir 


Superior class 


bioreservoir 


Attributes specific to class 


normal-basal-conceniration is 9.9e-yy: 




physiol-max -concentration is 9.ye-99 


Class name 


cell-reservoir 


Superior class 


bioreservoir 


Attributes specific to class 


normal -basal -density is y.9e-99: 


physiol-max-density is 9.9e-99 


Icon description 


cell-rcservoir-panerh t width 96: height 5A: 




type-color = coral) 


a cell-reservoir 


Names 


none 


Label 




Description 




References 




Warnings 




Toggle state 


hide 


Compartment 




Ret bioeniity 


none 


Master bioreservoir 


none 


Status 


available 


Decay rate factor 


2.0C-4 


If scaling bioreservoir 


none 


If scaling amount 


]<X) 


Scaled basal amount 


9.9C-9 


Physiol abundance 


ortlv-induced 


Normal- basal-density 


y.ye-yy upce 


Physiol-max-density 


y.ye-yy upce 
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TABLE 4y 



Class restrictions 



Inherited attributes 
Attribute displays 
Stubs 



Class name biopool 
Superior class hionode-ohiect 

Attributes specific 10 class basal-density is given by a basal-densiiv-par: 
scaling-dcns'iiy is givcn'bv a scaline-deiisitv- 

par: ' 
densiiy-^ntry is given by a densuv-emrv-pvar: 
scaled-entry is given by a scaled-entrv-pvar: 
input-rate is given by an input-rate-pvar; 
output-rate is given by an outpui-rate-pvar: 
accumulation is given by an accum-pvar: 
density is given by a density-pvar: 
scaied-amount is given bv a scaled-amount - 
pvar: 

unless in administrator or developer mode: 
menu choices exclude additionally: 
describe, rotate-reilect. move, transfer 
when in simulation or explorer mode: 
menu choices exclude additionally: 
add-scaicd-input. add-input. add-output. 
add-top-post. add-bottom-posi: 
when in explorer mode: 
menu choices exclude additional Iv: 

simul-panel: 
attributes visible exclude additionallv: 
hasal-densiiy. density-entry, density 
label is "". with an index: 
description is "" 

input-rate, output-rale, accumulation-rate, 
scaled-amount offset by 1 105. 20i 
an input-box-conneciion inp located at top 8; 
a scaled-input-box-conneciion sip located at 
top 17: 

an output -box -connection oup located at 

bottom 15: 
a p-connection pOl located at top 37; 
a p-connection p02 located at top 50: 
a p-connection p03 located at top 62: 
a p-connection p04 located at top 75: 
a p-connection p<)5 livated at top 87: 
a p-connection p()6 located at top 100: 
a p-connection pt)7 located at top 112; 
a p-connection p08 located at top 125; 
a p-conneeuort pt»9 located at top 137; 
a p-connection p 10 located at top 150; 
a p-connccuon pi 1 located at top 162; 
a p-connection pi 2 located at top 175: 
a r-connection rOl located at bottom 37: 
a r-conncction r()2 located at bottom 50: 
a r-connection ri)3 located at bottom 62; 
a r-connection rtM located at bottom 75; 
a r-connection rt)5 located at bottom 87; 
a r-connection r<)6 located at bottom 100: 
a r-connection r07 located at bottom ] 1 2; 
a r-connecuon r()8 located at bottom 125; 
a r-connecuon rtW located at bottom 137: 
a r-connection rlO Unrated at bottom 150: 
a r-connecuon rl 1 located at bottom 162; 
a r-connection r!2 located at bottom 175 
a graph-link s-plot located at left 1 1 : 
a graph-link a-plot located at left 31; 
a graph-link lists located airicht 1 1: 
a graph-link querv located at nchi 3 1 : 
Icon description biopool -pattern i width 1 SO: height 42 : 

dark-color = dim-gray, light-color = lichl- 
gray. white-color = white*, tvpc-coio: = 
crecn-vellow 



//3 
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TABLE 50 



Class name 
Superior class 
Attributes specific to class 
Attribute displavs 
Stubs 

Icon description 



hound-mol-ptxil 

foopool 

110110 

inherited 

inlierited 

biopool-patiern (width 180: height 42: 
dark-color = dim-gray, light-color = light- 
gray, white-color = white, status-color = 
forest-green, type-color = medium-goldenrod) 



Class name cell-receptor-pool 

Superior class bound-mol-pool 

Attributes specific to class mine 

Menu option a final menu choice 

Icon description cell-receptor-pool-pattem 

Class name membr-hound-pool 

Superior class hound-moi-rxx>l 

Attributes specific to class none 

Icon description membr-bound-pool -pattern 

Class name macro-complex -pool 

Superior class bound-mol-pool 

Attributes specific to class none 

Icon description cell-recepior-pooi-patteni width I SO: lieiaht 42: 

type-color = gold) 



Class name 
Superior class 
Attributes specific to class 

Attribute displays 



snluhlc-mol-pool 
hiopool 

hasal-concentrauon is given by a hasaJ-conc-par: 
conccntrauon is given by a conc-pvar 
hasal-concenirauon. concentration offset bv (80. 60): 
input-rate, output-rate, accumulation-rate. ' 
scaled-amount offset bv 1 105. 20) 



Class name 
Superior class 
Attributes specific to class 
Icon description 



im-sol-mol-pool 

soluble-mol-pool 

mine 

int-sol-mol-pool-paile m 



Class name 
Superior class 
Attributes specific to class 

Icon description 



cxt-sol-mol-pool 
solublc-niol-ptxtl 

consum-ccll-div-facu>r is given bv a 

consum-cell-div-iactor-pvar 
ext-sol-mol-pool-paitem 



Names 
Label 

Description 

Compunment 

Basal -density 

Scaling-dcnsity 

Density-entry 

Scaled-entry 

Input-rate 

Output-rate 

Accumulation 

Density 

Scaled-amount 

Basal-conccntnuinn 

Concentration 

Consum-cell-div-iactor 



an cxt-sol-mol-pool 

none 

*( M 



none 

y.Ve-W UPCE 

yy.yyy upce 
o.o UPCE 
o.o 

y.ye-yy 
y.ye-yy 
y.ye-yy 
y.ye-yy upce 
y.ye-y 
y.ye-yy m 
y.ye-yy m 
i.o 
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TABLE 51 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



Class name 
Superior class 
Attributes specific to class 



Icon description 



Class name 
Superior class 
Attributes specific to class 



Icon description 



genet- mol -pool 
biopool 

basal-amount is given bv a basal-uuamiiv-par 
inherited 

gcnet-mol-pool-pauem 



exp-cell-pool 
biopool 

basaJ-concentration is given by a basal-cell-conc-par: 
amount-entry is given by a cell-densitv-eiiirv-pvar: 
density is given by a cell-density-pvar: 
concentration is given by a cell-conc-pvar 
cxp-cell-pool-pattem 



cell-pool 
biopool 

basal-density is given by a basal-cell-densitv-par: 
density -entry is given by a cell-dcnsilv-entrv-pvar: 
density is given by a celi-densitv-pvar 
ecll-pool-pattem 



TABLE 52 



Class name 

Superior class 

Attributes specific to class 

Class restrictions 



Icon description 



Class name 
Superior class 
Attributes specific to class 
Icon description 



Class name 
Superior class 
Attributes specific to class 



biopool-post 
bioposi 
id is"". 

rel'-hioprocess is none 

when in navigation or simulation mode: 

selecting any bioposi implies show-bp: 
when in explorer mode: 

selecting any biopost implies activate-bp: 
when in developer or modeler mode: 

menu choices tor biopost exclude additionally; name 

move, rotate-retlect. change-size, color, delete. 

describe, creatc-suhworkspacc. show-bp 
biopool-post-pauem (width 17: height 17) 

biopool- r-post 

biopool-posi 

none 

biopwl-r-pt»st-pattcm( width 17: height 17) 



biopool-p-posi 
biopool- post 
none 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Icon description 

Class name 

Superior class 

Attributes specific lo class 

Stubs 

Icon description 



TABLE 5? 

model-box 
bioiool 

toggle-state has values show or hide (default is HIDE) 
unless in administrator or developer mode: 

menu choices exclude additionally: move. name, 
chance-size, color, describe. go-ti>-suhworkspace 

selecting any model-box implies show-sw 
not a final menu choice 
model-box- pattern 

input-inodcl-hox 

model-box 

none 

a p-connection located at right 10 
input-model-bovpattern 
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TABLE 54 



Class name 

Superior class 

Aitribuies specific io class 



Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 



Attribute displays 
Stubs 

Icon description 



bioprocess 
bioview-objecl 
compartment is "": 

status has values available, selected, selected- 

Ibr-input. down-selected, up-selected, 
lonv-activated. back-activated. 

downstream -activated, upstream-activated. 

or deactivated (default is AVAILABLE), 
dcnciivaiion-hold-imerval is given bv a time- 

delay-par. 
master-bioprocess is none 
activaiablc-subworkspacc 
unless in administrator or developer mode: 

menu choices exclude additionally: 

go-to-subworkspaee. rotate-reflect. 
change-size, clone: 

attributes visible exclude additionally: 

toggle-state: master-bioprocess: 
when in general, navigation, or simulation 

mode: 

menu choices exclude additionally: transfer. 

move. name, color, delete, disable, 
describe, create-subworkspace. clone. 

labeled-clone, clean-clone: 
attributes visible exclude additionally: 
nines, label: 
when in general or navigation mode: 
attributes visible exclude additionally, 
activation-hold-interval. deactivauori- 
hotd-tnterval: 
when in navigation mode: 

selecting any bioprocess implies details 
w hen in simulation mode: 
menu choices exclude additionally: 
up-pathwny. down-pathway 
not a final menu choice 
references is "": 
warnings is ""; 

toggle-stale lias values show or hide 

(default is HIDE), with an index: 

label is "". with an index: 

description is 

label offset by <-?7. -30) 

none 

biopnx-ess-paiiem (width 96: height 56: 
dark -color = dim-gray, light-color = 
light-gray, white-color s white, status- 
color = slate-bluc. type-color = slate- 
blue. Hag-color = medium-aquamarine 



Class name 
Superior class 
Attributes specific to ciass 
Icon description 



cell .bioprocess 

bioprocess 

none 

ceH.bioprocess-pauem 



a cell. bioprocess 

Names 
Label 

Description 

References 

Warnings 

Toggle state 

Compartment 

Status 

Activation hold interval 
Deactivation hold interval 
Master bioprocess 



none 



hide 



available 
t) seconds 
<> seconds 
none 
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TABLE 55 



Class hioEngine 

Class Binding-bioEngine 
Class Reccptor-bioEnginc 
Class bioengine.Rl.Ll 
Class bioengine.R2.Ll 
Class bioengine.Rl.Ll. AO 
Class bioenginc.Rl.Ll.ANl 
Class bicxrngine.R2.Ll.AC2 
Class bioengine.R2.L2. AN 1 

Class Complex-Formaiion-bioEngine 
Class biocngine.U3 
Class bioengine. U5 
Class bioengine.U7 
Class bioengine.KU3 
Class bioengine.MlC3 
Class bioengine.C3 

Class DNA-Complex-Formaiion-bioEnaine 
Class bioengine.DNA.U2 
Class bioengine.DNA.U5 

Class Coni'orm-Changc-bioEnaine 
Class bioengine.CAi.T2 

Class Transport-bioEnginc 
Class bioenginc.EXl.L2 
Class biocn2ine.M2.EFl 



Class Amplifier-bioEngine 
Class Enzymc-bioEngine 
Class bioengine.El. SI 
Class bioengine.PKl.Sl 
Class bioengine.PP 1 .S I 
Class bioengine. Pase I . S 1 
Class bioenginc.LKl.Sl 

Class bioengine.El. S2 
Class biocncine.El.Sl.il 
Class bioengine.El. S2.I1 
Class bioengine.El. S2.I2 
Class bioengine.E3.S 1 .1 1 

Class Channcl-bioEngine 
Class bioengine.CH 1.101 
Class bioengine.CH 1. 101. LI 

Class IonPump-bioEncine 
Class hioengine.PUl.IOl 



Class Lumpcd-bioEngine 

Class Complex-Dissoe-bioEnginc 
Class Translocaiion-bioEnginc 
Class Auto-Catalitic-bioEncine 

"7 
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TABLE 56 



Class name 

Superior class 

Attributes specific to class 



Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 

Attribute displavs 
Stubs 



Icon description 



biocneme 

bionode-objeci 

velocity: 

rate-constant-sec is 1 .0: 
tau-coeif is given by a tau-coeff-par: 
bias is given by a bias-par: 
time-lag is given by a time-delay-par: 
ph is given by a -©ph-par: 
ph-deviaiion-facior is given by a ph- factor-par: 
temperature is given by a temperature-par: 
tcmp-deviation-facior is given by a temp- 
factor-par: 

tosele-statc lias values show or hide (default 

Ts'HIDE): 
type-color 
none 

unless in administrator, developer, or 
modeler mode: menu choices exclude 
additionally: move. name, clone, change- 
size, color, delete, disable, enable, crcate- 
subworkspace. describe, 
go-to-subworkspace. creatc-sw : 
when in modeler mode: menu choices 
exclude additionally: move. name, disable, 
enable, crcate-suhworkspacc. describe, 
go-to-subworkspacc: 
unless in administrator or developer mode: 
attributes visible for biocneme exclude 
additionally: toggle-state, typo-color 
when in simulation or explorer, mode: 
attributes visible for bioenginc exclude 
additionally: notes, label: " 
not a final menu choice 
label is "". with an index: 
description is "" 
velocity offset by (58. 5 ) 
a r-cortnection pon-l located at top 25: 
a r-connection pon-2 located at top 50: 
a r-conncction pon-3 located at top 75: 
a p-conncciion pi located at bottom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 3 1 : 
a c-graph-link up located at right ! 1 : 
a c-graph-link dn located at right 3 1 
bioenginc-patlcrn < width 8ft: height 42: 
dark-color = dim-gray, light-color = light- 
gray, white-color = white! lypo-coior = 
forest-erecn 



Class name 


bindtng-biocnginc 


Superior class 


bioenctnc 


Attributes specific to class 


vclixritv is given by a binding-rate-pvar 


Menu option 


not a final menu choice 


Class name 


amplificr-bioengine 


Superior class 


bioenginc 


Attributes specific to class 


none 


Menu option 


not a final menu choice 


Class name 


lumncd-biocnginc 


Superior class 


bioenginc 


Attributes specific to class 


none 
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TABLE 57 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



reecptor-bioenginc 
binding-bioenginc 
none 

not a final menu choice 
reeeptor-bioengine-pattem 



Class name 
Superior class 
Attributes specific to class 
Stubs 



bioenfiine.rl.il 

rcccptor-bioengine 
none 

a re-connection pon- 1 located at top 25: 
a l-connection 1 1 located at top 50: 
a p-connection pi located at bottom 50: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 3 1 : 
a c-graph-link up located at risht 1 1 : 
a c-graph-link dn located at ril'ht 3 1 



Class name 
Superior class 
Attributes specific to class 
I ton description 



enzyntc-bioengine 
amplifier-btoengine 

velocity is given by a catalytic-rate-pvar 
enzyme-hiocngine-pauem 



Class name 

Superior class 

Attributes specific to class 

Stubs 



hioenginc.el.s2 

enzymc-biocnginc 

none 

an e-conneciion port-1 located at top 25: 
a s-connection si located at top 50: 
a s-conncction s2 located at top 75: 
a p-connection pi located at bottom 25: 
a p-connecuon p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 31: 
a c-graph-link up located at right 1 1 : 
a c-graph-link dn located at riant 3 1 



Class name 

Superior class 

Attributes specific to class 

Stubs 



Icon description 



complex-dissoc-biocnginc 
lumpcd-hioenginc 

velocity is given by a dissociation-rate-pvar 
a co-connection cl located at top 25: 
a p-conncciion pi ItKated at bottom 25: 
a p-connection p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a c-graph-link gr located at left 11: 
a c-graph-link Is located at left 3 1 : 
a c-graph-link up located at right 1 1 : 
a c : craph-link dn Itx'ated at right 3 1 
complcx-dissoc-bi()engine-paitem 



Class name 

Superior class 

Attributes spetific to tlass 

Stubs 



Icon description 



translocaiion-btocngine 
lumped-biocngine 

velocity is given by a tranlocation-ratc-pvar 
a t -connection tl located at top 25: 
a p-connection p2 located at bottom 25: 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 31: 
a e-graph-Iink up located at right 1 1 : 
a c-graph-link dn located at right 3 1 
u-anslocaiion-biocncine-paitern 
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TABLE 58 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



ccll-bioengine 
nioeneine 

velocity is given by an activation-ratc-pvar 
a cell-connection ce located ai top 25: 
a 1-connection 11 located at top 50: 
a 1-connection 12 located at top 75: 
a p-connecuon pi located at bottom 25: 
a p-conncction p2 located at bottom 50. 
a p-connecuon p3 located at bottom 7: 
a graph-link gr located at left II: 
a graph-link Is located at left 3 1 : 
a graph-link up located at right 1 1 : 
a graph-link dn located at right 31 
cell-bioengine-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



biocnaine.ee 1.14 

cell-biocngine 

none 

a cell-connection eel located at top 25: 
a 1-connection 1 1 located at top 50: 
a l-conncetion 12 located at top 75: 
a 1-connection 13 located at top 1(X>: 
a l-conncction 14 located at top 1 25: 
a p-connection pi located at bottom 25 
a p-connecuon p2 located at bottom 50 
a p-conncction p3 located at bottom 75 
a p-conncction p4 located at bottom 100 
a p-conncction p5 lix:atcd at bottom 1 25 
a c-graph-link gr located at left 1 1 : 
a c-graph-link Is located at left 3 1 : 
a c-graph-link up located at right 1 1 ; 
a c-graph-link dn located at right 3 1 
bioengine.ee 1.14-pattcrn 



Class name 
Superior class 
Attributes specific to class 
Stubs 



Icon description 



biocnginc.ce3.12 

cell-bioenginc 

none 

a cell-connection eel located at top 25: 
a cell-connection ce2 located at top 50: 
a cell-connection cc3 located at top 75; 
a 1-connecuon 1 1 located at top 100: 
a 1-conneciion 12 located at top 1 25: 
a p-connection pi located at bottom 25: 
a p-conneciion p2 located at bottom 50: 
a p-connection p3 located at bottom 75: 
a p-conncction p4 located at bottom I(X): 
a p-connection p5 located at bonom 125: 
a c-graph-link er located at left 1 1 : 
a c-graph-link Is located at left 31 : 
a c-graph-link up located at rieht 1 1 : 
a c-graph-link dn located at richt 3 1 
biocnginc.ee I .I4-pattem 
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TABLE 59 



Class name 
Superior class 
Aitribuies spcciJlc to class 
Capabilities and restrictions 
Class restrictions 



Menu option 
Inherited attributes 

Attribute displays 
Stubs 

Icon description 



biorolc-object 
bio-object 

sioichiometric-cocJT is 1.0 
none 

unless in administrator, or developer 
mode: menu choices lor biorolc- 
object exclude additionally: move, 
chance-size, describe, crcate- 
subworkspace. go-to-subworkspaee. 
roiaie-rellcct. clone, name: 

when in simulation, navigation, or ceneral 
n«xle: menu choices for biorole- * 
object exclude additionally: transfer, 
move, name, clone, change-size, color, 
crcate-subvvorkspace. delete, disable, 
describe, go-io-subworkspace: 
attributes visible lor biorolc-object exclude 
additionally: notes, label: 

when in simulation mode: 
menu choices lor biorole-object exclude 
additionally: details, naviy-panel: 

when in navigation or general'mode: 
menu choices lor biorolc-object exclude 
additionally: input-panel: 

a final menu choice 

label is "", with an index: 

description is "" 

inherited 

none 

biorole-object-paiicm (width MX): hcisiht 40: 
dark-color = dim-gray, light-color = light- 
gray, type-color = skv-blue. white-color 
= white i 



TABLE AO 



Class name 
Superior class 
Attributes specific to class 
pvar: 



Menu option 
Attribute displays 

Stubs 

Icon description 



bioproduct 
biorole-object 

production-rate is given by a produc-rato- 

scaling-prccursors is an instance or a 

symbol -array, with an index 
a final menu choice 
label offset by (-55. -22): 
production-rate offset by (-42. 1 ) 
a p-connection located at top 3o 
bioproduct-pattern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



cell. bioproduct 

bioproduct 

none 

bioproduct-pattern 



a cell. bioproduct 

Names 
Label 

Description 
Stoichiometric eocff 
Pnxluction rate 
Scaling precursors 



none 

"cell. bioproduct " 

l.o 

y.ye-w 

a c-s\ mbol-arrav 



WO 96/22575 



PCT/US96/00883 



TABLE 61 



Class name 

Superior class 

Auributcs specific to class 



Capabilities -u\ii rastrictrnns 

Ghus iclUiiiuiHti 

Menu option 
Inherited attributes 



Attribute displays 



_Jiwr 

Icon description 



bioreaciam 
biorole-object 
description is "": 

alpha-coeff is given by an alpha-coclf-par: 
contribution is given by a conuribution-pvar: 
consumption-raie is given by a consum-raie-pvar 

■ none . ■ 

none 

not a final menu choice 
stoichiometric-cocff is 1; 
label is "". with an index 
label offset by < -62. 35): 
contribution offset by (-42. 1 4>: 
consumption-rate offset by i -42. 0) 

.nuns 

inherited 



Class name 

Superior class 

Attributes specific to class 

Stubs 

Icon description 



cell, bioreaciam 

bioreaciam 

none 

a cell-connection located at bottom 30 
ccll.biorcactam-pattem 



TABLE 62 


Class name 


amplifier-hiorcactani 


Superior class 


bioreaciam 


Attributes specific to class 


cffcctive-binding-sites is 1.0 


Menu option 


not a final menu choice 


Attribute displays 


inherited 


Stubs 


inherited 


Icon description 


inherited 



Class name cnzyme.r 

Superior class amplifier-biorcactant 

Attributes specific to class catalyiic-raie-constam is 1 .0. 

scalcd-cat-rate.k is 1.0: 
Stubs an e-conncction located at bottom 30 

Icon description bioreactant-paiicrn ( width I (X): height 40: 

dark-color = dim-gray, light-color = light- 
gray, type-color = red. white-color = white) 

Class name proi.kina.scr 
Superior class enzyme.r 
Attributes specific to class none 
Stubs inherited 

Icon description biorcactant-pattcm ( width 1 00: height 40: 

dark-color = dim-gray, light-color = light- 
gray, type-color = coral, white-color = white) 



a prot.kinase.r 




Names 


none 


Label 


prot. kinase" 


Descripiion 




Stoichiometric coeff 


1.0 


Alpha coel f 


1.0 


Contribution 


y.ye-yy 


Consumption rate 


9.9e-99 


Effective binding sites 


1.0 


catalyiic-raie-constam 


1.0 


Ncalcd-cat-ratc.k 


1.0 
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TABLE 63 

Class name sourcc-bioreactani 

Superior class biorcaciant 

Attributes specifi : to class none 

Menu option not a final menu choice 

Class name substrate.r 

Superior class source-bioreactant 

Attributes specific to class michaclis-constant is 9.9e-99 

S lu bs a s-connection si located at bottom 30 

Icon description substrate.r-patteni 

Class name leading-bioreactant 

Superior class bioreactant 

Attributes specific to class effcctive-binding-siies is 1 

Icon description leading-bioreaefant-patiern 

Class name cell-receptor.r 

Superior class leading-bioreactant 

Attributes specific to class none 

Stut>s a rc-conncction r located at bottom 30 

Icon description cell-reeeptor.r-pattern 



Class name 
Superior class 
Attributes specific to class 

Menu option 



binding-biorcactant 
bioreactant 

equilibrium-dissociation-constant is 9.9e-99 
scaled-equil.dissoc.k is 1 .0 
not a final menu choice 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



licand.r 

bindi ng-bioreactant 
none 

a 1-connection II located at bottom 30 
ligand.r-pattern 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



white) 



extracell-ligand.r 
binding-bioreactant 
none 

a I-connection 1 1 located at bottom 30 
biorcactant-pattem (width 100: height 40: 
dark-color = dim-gray, light-color = licht- 
gray, type-color = pale-green, white-color =" 



Names 
Label 

Description 
Stoichiometric coeff 
Alpha coeff 
Contribution 
Consumption rate 
Equilibrium dissociation 
Scaled equil.dissoc.k 



an extracell-ligand.r 
none 

"extraccll-ligand" 



1.0 
1.0 

9.9e-99 
9.9e-99 
constant 9.9e-99 
1.0 
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TABLE 64 

Class name single-bioreaciam 

Superior class bioreactant 

Attributes specific to class none 

Menu option run a final menu choice 

Class name transkicaied.r 

Superior class siiule-bioreaciam 

Attributes specific to class none 

Stubs a i-conncciion located at boiiom 30 

Icon description translocated. r-pattern 

Class name complex .r 

S uperior class sinele-bioreactam 

Atuibuies specific to class none 

S'ubs a co-connection u I located at bottom 30 

Icon description iranslocaied.r-patlem 

Class name inliibitor.bioreactant 

Superior class bioreaciani 

Attributes specific tt> class inhibition-constant is y.9e-W: 

scaled-inlribiior.k is 1 .0 

•> luhs an i-connection i 1 located ai bottom 30 

Icon description inliibiior.bioreacwnt-paueni 

Class name cotnp-mhibitor.r 

Superior class inliibiior.bioreaciant 

Attributes specific to class none 

Icon description comp-inhihitor.r-patiern 

Class name antagonist. r 

Superior class iitfiibiior.btorcactam 

Attributes specific to class none 

Swbs an an-eonnecuon an I located at bottom 30 

Icon description antagonisi.r-paitcm 



TABLE 65 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Inherited attributes 
Stubs 

Icon description 



biorole-post 
biopost 

rcl-bioreservoir is none 

unless in administrator or developer mode: 

menu choices exclude additionally: move, clone, delete. 

rotate-rellecL color, describe, create-subworkspace: 
when in modeler mode: 

menu choices include additional : delete: 

menu choices exclude additionally: show-br: 
when in navigation or simulation mode: 

selecting any bioposi implies show-br: 
when in explorer mode: 

selecting any biopost implies acuvate-br 
toggle-state lias values show or hide (default is HIDE) 
a icon-wire located at right 7 with stvle diagonal 
biorole-posi-paucm t width 8: heicht 1 6 1 



Class name 
Superior class 
Attributes specific to class 
Stubs 

Icon description 



bioreaoant-post 

biorole-post 

none 

a icon-wire located at right 7 
bioreactam-posi-paucnu width 8: heicht 16) 



Class name 

Superior class 

Atuibuies specific to class 

Stubs 

Icon description 



bioproduct-nost 
biorole-post 
none 

a icon- wire located at left 7 
Noproduct-post-paiicm i width 8: heicht 16) 
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TABLE $ frfc 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Menu option 
Inherited attributes 



Attribute displays 
Stubs 

Icon description 



biomodel 

bioview-object 

none 

unless in administrator, uil-build. or 
developer mode: 

menu choices for biomodel exclude 

additionally: change-size: 

attributes visible for biomodel exclude 

additionally: toggle-state: 
when in simulation, navigation, or explorer 

mode: selecting any biomodel implies 

details 
not a final menu choice 
references is "": 
warnings is "": 

toggle-state has values show or hide (default 

is HIDE): 
label is "". with an index: 
description is 
inherited 
inherited 

biomodel-pattcrn (width KX): height 1(X>: 
dark-color = dim-gray, light-color = light- 
gray, white-color = white*) 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Inherited attributes 



Attribute displavs 
Stubs 

Icon description 



sub- model 

biomodel 

none 

a final menu choice 
references is "": 
warnings is "": 

toggle-state has values show or hide (default 

is HIDE), with an index: 
label is "". with an index: 
description is 
label offset by (-73. 15) 
inherited 

sub-modcl-pattcrn (width 160: height «r. 
dark-color = dim-gray, light-color = liehi- 
gray. white-color = white, status-color's 
medium-aquamarine. 11a e -color* medium - 
aquamarine: 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



biorcservoir-bin 

biomodel 

none 

a final menu choice 

biorcservoir-bin-pattem (width KX): hcicht 
AO: dark-color = dim-gray. light-color = 
light-gray, white-color =' white, type-color 
= gray, status-color = cadet-blue: 



Class name 
Superior class 
Attributes specific to class 
Capabilities and restrictions 
Menu option 
Icon description 



on-hold-bin 
biomodel 
none 

acti vatablc-subworkspace 
a final menu choice 

on-hold-bin-pattern (width 50: hcicht 60: 
dark-color = dim-gray, light-color = lieht- 
gray. white-color = unite"", status-color's 
grccn-vcllow: 
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Class name cell-companmew 
Superior class hiomodcl 

Attributes specific lo class suri'acc-or-volume is given hv a compartmcnt-volume-par 
Icon description cell-compartmeni-paiieni ( width 90. height 90: 

dark-color, light-color, white-color) 

Class name cell-surface 

Superior class eell-companmcni 

Attributes specific 10 class inienial-markers is '"' 

Capabilities and restrictions none 

Menu option a final menu choice 

Icon description eell-surface-pailem i width 130; hciulit 200. 

status-color, flag-color: 

Class name nucleus 
Superior class cell-compannieiit 
Attributes specific to class none 
Menu option a final menu choice 

Icon description nucleus-pattern t width 90: height 90: 

status-color, flag-color) 



Class name 

Superior class 

Allribules specific to class 

Menu option 

Icon description 



ccll-nvmbrane 

ccll-companmciii 

none 

a final menu choice 

cell-membianc-paticrn i width 90. height 90: 
status-color . Ilac-color > 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Icon description 



membrane-compart mem 

cell-nwrnbrane 

none 

a final menu clxuce 

membrane-compartmcnt-pauem i width 90; height 90: 
status-color, llac-colon 



TABLE <SS 



Class name 
Superior class 
Attributes specific lo class 
Menu option 
Inherited attributes 



top-container 
hiomudel 

volume is given by a compartment- volume-par 
noi a final menu choice 
references is "': 
warnings is "": 

toccle-state lias values show or hide (default is HIDHi 
label is "". with an index: 
description is "" 



Class name 
Superior class 
Attributes specific lo class 



Attribute displays 
Icon description 



cell-bionwdel 
lop-cotitainer 

inax-volumc is given by a eel I- volume-par: 
volume is given by acell-volunie-par: 
cell-radius is given by a cell-radjus-par: 
species is "": * 
organ-or-system is "" 
tissue is "": 
cclMincacc: 
phenotype is "": 

cell-cycle-duralion is given by a cyelc-iime-pvar: 
reg-lactors is " ". 
e.tpr-reccptors is " ": 
seer- factors is "": 

total-protein is given by a toial-proiein-par 

generation-number is given by a generatton-number-par. 

number-of-eells is given by a cell -number-par: 

mass-per-ccll is given by a ccll-mass-par 

cell-phase is GO* 

label offset by (-55. -52> 

eell-biomodei-pauem t width 100: height KM): dark-coio; 
light-color, whue-color. lype-color. staiu.->-eoloi> 
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TABLE 69 «x. 



Class name 
Superior class 
Atuihuics specific to class 



Capabilities and restrictions 

Menu option 

Stubs 

Icon description 



timc-comparuncm 
biomodel 

next-aciivaiion-block: 
deacuvation-block: 

acuvation-liold-intcrval is given by a limc-delav-par. 
deacuvauon-time is "": 

deacuvation-hold-inierval is given hv a lime-delav-par: 
status has values activated or'deactivatcd (default is 

DEACTIVATED) 
activatablc subworkspacc 
not a final menu choice 
:ut output cycle-path next-1 located at right 40: 
an input cycle-path previous- 1 located at left 40 
time-companment-pauem ( width 80: height 80: 

dark-color, light-color, white-color) 



Class name time-submodel 
Superior class ume -compartment 

Attributes specillc to class none 

s,ubs an output cycle-path next- 1 k icated at bouom 80: 

an input cycle-path previous located at top 80 
Icon description time-submodel-pattem ( width 160: height 60: 

status-color, ilau-color) 



Class name cell-phase 

Superior class unic-comparuncni 

Attributes specific to class typical-fraction: 

generauon-numher is given by a generation-number-par. 
number-ol"-cells is given by a cclf-number-par: 
mass-per-cell is given by a" cell-mass-par 

Menu option not a final menu choice 

Icon description cell-phase-paitem (width 80: height 80) 

Class name g0-phase 
Superior class cell-plui.se 
Attributes specific to class none 

Sluhs an output cycle-path g I l«»caied at bottom 20: 

;tn input cycle-path m located at rielu 60: 
, , an input cy cle-path di located at let't 40 

Icon description gO-phase-patlem width 160: height 80: 

status-color, type-color, ilaa-colon 



TABLE^^t 

Class name timer 
Superior class hiotool 

Attributes specific to class toggle-state has values show or hide (default is HIDE): 

activation-iimc is given by an elapscd-simul-time-par 
t. lass restrictions unless in administrator or uil-huild mode: 

menu choices for timer exclude additionally: move. name, 
change-size, color, describe, go-to-subworkspacc: 
when in modeler, simulation, navigation, or explorer mode: 
. , mon " choices for timer include: create-sw. show- sw. hide-sw 

Icon description timer-patteni (width 30: height 30k dark-color, light-color. 

Class name couni-down-iuner 
Superior class timer 

Attributes specific in class count-down is given by a umer-couni-down-par 

Class name coum-up-unicr 
Superior class timer 

Attributes specific to class count-up is given by a timer-count-up-par 



1x7 
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Class name biomodel-post 

S u perior e lass biopost 

Attributes specific 10 class ref-biomodel is "inferred" 

Class restrictions when in navigation or simulation mode: scleciina anv biomodel-post implies show-hm 

Icon desenpuon hiominJel-posi-paticnH width 25: Iieiulu *5i ' ' p nm 



Class name outpui-hm-posi 
Superior class biomodel-post 
Attributes specific to class none 



an user-menu-ehoice 

Label show-hm 
Applicable class biomodel-post 
Condition none 

Action start SHOW-BM-PROC (the item. diis window* 



SHOW-BM-PROC (post: class biomodel-post . win: class window) 
BM = the hiomodel named by the rel -hiomodel of post: 
case the toggle-state of post is 
show: 

cluinge the color-pattern ol post so dial light-color is dim-grav. dark-color is licht-crav 
show the WS ol BM on u. in at the center ol die screen: conclude dial die toccle-siate ol post is hide 
change die color-pattern ol post so that lamp = the svmbol maroon * * 

hide: 

change the color-pattern ol post so diat light-color is licht-crav. d:irk-color is dim-orav 
hide the WS of BM on win: conclude dtat the u^gglc-staufol post is show: " 
cnange die color-pattern oi post so that hunp = the svmbol creen 
return 



TABLE 7| 

Class name cell-interaction 
Superior class hiomodel 
Attributes specific to class none 
Inherited attributes references is 

warnings is "". 

toggle-state has values show or hide (default is HIDE): 
label is "*'. with an index: 
description is "" 

Icon description cell-interaciion-paitern (width 140; height KM); dark-color, Itchi-color. 

white-color, type-color- 1 . type-coIor-2. status-color- 1. sttlus-color-2i 



Class name imer.ictine-cell 

Superior class hiomcxlef 

Attrihutes specific to class masicr-cell-bionuxlcl is none 

Class restrictions unless in adminisuator or developer mode 

menu choices exclude additionally: deuuls. move. name, disable, describe: 
attributes visible exclude additionally noies. toccle-siaie. names. 

when in simulation, navigation, or explorer mode' * 
selecting any interacting-cell implies master-details 
Attribute displays label offset by < -55. .52 ) 

s,ul>s a e-link located at right 10: 

a c-ltnk located at right 30; 

a c-link located at right 50: 

a c-link located at right 70: 

a c-link located at right 90; 

a c-link located at bottom 30: 

a c-link located at bottom 70: 

a c-link located at left 10: 

a c-link -located at left 30: 

a c-link located at left 50: 

a c-link located at left 70: 

a c-link located at leftVO: 

a c-link located at top 20: 

a c-link located at lop Ml 

Icon description imeracting-ccll-paitem 1 width 100: heighi 100: dark-color, lieht-color. 

white-color, type-color, status-colon 



tig 
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TABLE 72a 



Class name 

Superior class 

Attributes specific .in class 



Class restrictions 



Menu option 
Atiribuie displays 
Stubs 

Icon description 



extracellular-component 

bioposi 

label is "": 

ref-hioentily is none: 
rel-biorcservoir is none: 
rcf-bioproccss is none: 
description is "" 

rotatc-refletl. disable, dosenbe. create-subworkspace- 
when in modeler or general mode: 

menu choices exclude additionally: show-bp. show-hr 
when in simulation or navi cation mode: 

menu choices exclude additionally: bp-activaiion. br-auivaiion 
when m simulation, navigation, or general mode: menu choices exclude 

S!! ' : 5 C,t T!' C - 'IT 0 - done - than SC-^zc. color, unnamc-ii. set-rels. 
ref^nS?* addilionallynames. ref-biorescrvoir. ref-hioprocess. 

not a final menu choice 
label offset by (-60. o) 
a link located' at rieht 10: 
a Jink located at left 10 

cxtracellular-componcm-paitern (width 120: height 20: white-color = white) 



Class name 
Superior class 
Attributes specific io class 
Icon description 



suriacc-componcni 
extracellular-component 
surfacc-cxprcssion-iiito is "" 

surfacc-componem-paitem (width 120: height 20: while-color = while > 



Class name 
Superior class 
Attributes specific to class 
Icon description 

Class name 
Superior class 
Aii/ibuies specific to class 
Icon description 



secrcied-componcnt 
extraccl lular-cotnponent 
secreiion-iiiib is "" 

j^^^*^-?*"*" twidlh l20: ,,ei ? m 2(): whiic-ailiir = while) 

systemic-component 
ex tracel 1 u I ar •component 
none 

syMemic-component-pationi (width 120: heighi 20: white-color = while » 



TABLE 72b 



an user-mcnu-choice 

Label sct-refs 

Applicable class extracellular-component 

Condition the item has a name 

r^T.™_!:5° Mp - SET - REFS - pR0C uh0 Hcm - lnis 

PP = we biopool-posi named by the name ol post: 
BR = the biorescrvoir superior io Uie workspace of PP: 
RP = the biorole-posi named by die name of post: 
BP = the biopriKcss superior io the workspace of RP: 
conclude that the ref-nioreservoir of posi = the name of BR- 
conclude that the rcf-biopmcess of p»ist = ihc name of BP- 

!nat ^r^em^ " ^ ^ « P« « *e rcf-hinemiiy of BR: 



WO 96/22575 



TABLE 72c 



PCT/US96/00883 



an user-menu-clioice 
Label show-bp 
Applicable class extracellular-component 

Condiuon Uie item has a name and the ref-bioprocess of the item is noi none 

Action sum EXTR ACELL-COMP-SHOW-BP-PROC (Uie item, this window ) 

EXTRACELL-COMP-SHOW-BP-PROC (post: ctoss extracellular-component . W: class window) 
BP = die bioprocess named by Uie ref-bioprocess of post: 
view = die subworkspace of BP 
clian.ee die size of view to minimum: 
show view on W 100 units above die center of die screen: 



TABLE 72d 



an user-menu-clioice 
show-br 

extracellular-component 
the item has a name and the ref-bioreservoir of 

die item is not none 
suiri EXTRACELL-COMP-SHOW-BR-PROC (Uie item. Uiis window) 

EXTRACELL-COMP-SHOW-BR-PROC (post: class extracellular-component. W: class window ) 
BR = die biorescrvoir named by dte ref-bioreservoir of post: 
view = Uie subworkspace of BP 
change die si/e of view to minimum: 
show view on W |()0 units below the center ol die screen: 



Label 

Applicable class 
Condition 

Action 



TABLE 72e 



an user-menu-choice 
Label bioemity 
Applicable class extniccllular-componeiu 
Condition die ref-bioentiiv of Uie item is not none 

Action sian EXTRACELL-COMP-BIOENTITY-PR(X: (Uieitem. Uiis window) 

E X™ ACEL L-CONIP-BK)ENTITY-PR()C^^ 
BET = the bioentitv named bv die ref-bioemitv of EC : 
ESW = tlie subworkspace of 3ET: 
if die toggle-state of EC is hide then: 

conclude dial Uie toggle-state ol EC is show: 

change die si/e of ESW to minimum: 

show ESW on W at Uie center of Uie screen: 
else if die locsle-staie of EC is show then 

hide ESW on W: 

conclude that the toggle-state of EC is hide: 



TABLE 72f 



an user-menu-choice 
Label unname-il 
Applicable class extracellular-component 
Condiuon the item has a name 

Action start EXTRACELL-COMP-REMOVE-NAME-PROC (die item. Uiis window) 

EXTR ACELL-C()MP-REMOVE-NAME-PR< )C (post: class biorole -pV*t ~\\> ~^*lndmn'~~ 
BP = the bioprocess superior to die workspace of post: 
if Uiere exists a bionool connected to post Uicn: 
BR a Uie biorcservoir superior to the workspace of Uie biopool connected to post: 
if Uiere is a biopool-post named by die name of post then 
PP a the bionool -post named by the name of post: 
change the rel -bioprocess of PP to "none": 
make PP permanent: 
chance Uie ref-bioreservoir of post to "none": 
change the names of post to none": 
m;ike post permanent: 



/SO 
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TABLE 73 



Class name orcan 

Superior class hiomodel 

Attributes specific to class none 

Menu option not a final menu choice 

Icon description organ-pattern (width 140: height 100. 

type-color, status-color > 



Class name lymph-node 
Superior class organ 

Attributes specific to class cell-number is given by a cell-number-par. 

h.lymphocyics is given by a cell-number-par: 
t. lymphocytes is given by a cell-number -par: 
macrophages is given by a ccll-number-par: 
b..cd4..cdS is n.n.n: 

tcrp.cd4p.cd8n is given by a phenotype-par: 
lcrp.cd4n.cd8p is given by a phenotype-par: 
oiher-phen»nvpcs 

Menu option a final menu choice 

Icon description lymph-iuide-paticm 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



organ-region 

hiomodel 

none 

not a final menu choice 
orean-rcgi<Hi-paitern 



Class name 
Superior class 
Attributes specific to class 
Icon description 



differentiation-pathway 

hiomodel 

none 

dilfereniiation-paihway-paticm (width MX): heieht 120: 
dark-color, light-color, white-color » 



Class name 

Superior class 

Attributes specific to class 

Attribute displavs 

Stubs 



law description 



cell 

hiomodel 
in-iissucs is "": 
label offset by (35. 30» 
a c-link located at top 40: 
a c-link located at bottom 20: 
a c-link located at bottom 40: 
a c-link located at bottom 60 
cell-pattern (width SO: height SO: 
dark -color, light-color. Unease-colon 



TABLE 74 
a tubular function ol 1 argument 



Table of values 
I Substrate 1 1 (Product 1 1( (Substrate 1 J ) 



0 


112 


3.13 


757 


6.25 


1.305 


12.50 


1.932 


25.00 


3.045 


50.00 


3.356 


l(X).00 


3.47S 
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A-DOWN-BIORESERVOIR-OF. a relation 
Hrsi class 

Second class 
Relation name 
Inverse of relation 
Type of relation 
Kclatioii is symmetric? 



hioreservoir 
bioprocess 

a -do\vn-bioie servo ir -of 
an-up- bio process -of 
many-to-many 
no 



BM-C()NTA1NF.D-[N 
First class biomodel 
Second class 
Relation name 
Inverse ol relation 
Type of relation 



PCT/US96/00883 



Relation is symmetric'.' no 



biomodel 
bm-containcd-in 
ihe-container-ol'-bm 
manv-to-manv 



A-IX)WN BK)PR()CESS-OF. a relation 



THE-NAVIGATED BM-( )F. a relatio 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation i> Nvmmetric'.' 



bioprocess 

hioreservoir 

a -do w n -b i opiwess -of 

an-up-hioresorvoir-of 

many-to-many 

no 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is svnunetrie? 



biomodel 
entry- pane I 
the-naviealcd-hm-of 
ihe-naviaaijon-entry-pancl-of-hm 
one-to-one 
no 



A-D<)\VNSTREAM-BIOPIvOCESS-<)F. a relation 
First class ' bioprocess 



THEUSBR-LIST-OF. a relation 
First class hioreservoirs-lisi 



Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation i» >ymmeiric 



bioprocess 

a-do\vnstrcam-bioprocess-of 

an-upsiream-bioprocess-of 

many-to-many 

no 



Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



entry-panel 

tlie-usbr-list-oi 

none 

one-to-one 
no 



A-IJ< JWNSTRHAM-BIORESERVOIR-OK a relation 



THEDSBRL1ST-OF. a relation 



First class 
Second class 
Relation name 
Inverse ot relation 
Type of relation 
Relation is symmetric? 



hioreservoir 
hioreservoir 

a-downstream-biorescrvoir-of 
an-upst rea in-bioreservoir -of 
many-to-manv 

IK» 



TH H- LX > W NSTRF. AM- B K) R F.SKR V( >IRS-UST-( )F. 

a relation 

downstream -hioreservoirs-lisi 
hioreservoir 

thc-downsircam-biorescrvoirs- list -of 
none 

one-to-one 



First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is svmmetric" 



First clas 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric .' 

L'SBP-LlST-OF.arelat 
First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



biorescrvoirs-li* 
entry-panel 
llic-dshr-list-oi 
none 

one-to-one 
no 

ton 

hioprocesses-lisi 
entry-panel 
tiie-ushp-list-ol 
none 

line- to-one 
no 



THE-IX ►WNSTRKAM-BK >PR< >CF.SSKS-LlST-< )F. 



First class 
Second class 
Relation name 
Inverse ol relation 
Type ol relation 
Relation i< svmmetric ? 



biopnxesses-list 
hioreservoir 
l he- dow ns l re am - hioproce s v 
none 

one-to-one 
no 



-llSI-Ol 



THE-DSBP-I.1ST-OF. 
First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric '.' 



a relation 
bioprocesses-list 
entry-panel 
the-dsbp-lisl-of 
none 

one-to-one 
no 



THh-tF-BIOKKSFRVOIKS-I.IST-OF. a relation 



First cIjss 
Second elas-. 
Relation name 
Inverse of relation 
Type ol relation 
Relation i» symmetric? 



up-biorcscrvoirs-list 
hioreservoir 
tlie-up-bioreservoirs-list-of 
none 

one-to-one 
no 



A-SLMU1.ATF.D-BM-OF 
First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric? 



biomodel 

model-Jciinition 

a-simulateJ-hni-.<i 

tlie-simulalioii-rm\k'l-of-hm 
many-ii>-man\ 

IK' 



THE-UP-BIOPROCESSES-LIST-OF. a relation 

First class bioprocesses-list 

Second class hioreservoir 

Relation name llte-up-hioprocesses-lisi-of 

Inverse ol relation none 
Type of relation 
Relation is svmmetric "J 



one-to-one 
no 



A-SIML'LATFUBROF 
First class 
Second class 
Relation name 
Inverse of relation 
Type ol relation 
Relation is svmmetric'.' 



hioreservoir 

model-definition 

a-simulated-br-oi' 

llic-simulation-modcl-of-hi 

many-to-many 

no 



BR-CONTAINF.D-IN 
First class 
Second elas> 
Relation name 
Inverse of relation 
Type ol relation 



Relation is <vm metric'.' no 



hioreservoir 
biomodel 
hr-comaincd-in 
the -contai ner-of - br 
manv-to-manv 



a-simui.athdbp-of 

First class 
Second class 
Relation name 
Inverse ol relation 
Type of relation 
Relation is symmetric .' 



bioprocess 

model-definition 

a-stmulaicd-hp-o! 

ilic-sunulation-niodcl-oi-hp 

many-to-manv 

no 



A-SELECTFl) SIMUI.ATIC)N-Blt )Ml HJF.I.-l )F 



BPC( )NTAINED-IN 
First class 
Second class 
Relation name 
Inverse ot relation 
Type of relation 



Relation is symmetric' no 



bioprocess 
biomodel 
hp-contained- in 
ilie-containci-of-bp 
manv-to-manv 



First class 
Second class 
Relation name 
Inverse ot relation 
Type ol relation 
Relaiion is symmetric.' 



biomodel 
hioreservoii 

a-selec ted- simulate >n-hioini>Jcl-.i 
none 

many-io-nuny 
no 
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TABLE 76 



Chaining Rules 

Options lor all whenever rules: ,un invocahlc via backward chainina. 

not invocahlc via forward chainina." 
may cause data seeking. 
> na > f«use forward chaining 

lor any bioprocess BP 
lor any bioprocess BPI thai is (iii-iipurecun-hioprocess-of BP 




ihcn not (there exists a 

' **••' >s ii'i-itpsiivain-otoprocexS'Ot BP! and BP3 is 

(iihupstreom-bioprocess-of JiP)) then 1 

conclude that BP2 is not a- DuHXSTREAM-B/orRocESS-or BP 

for any bioprocess BP """ 

for any bioprocess BPI thai is (Hi-itpstreant-bioproce.'ss-ol' BP 

conclude that BP2 is M'UrsTRt:\.\f.BH>PRocF.ss-or BP 
for any hiopmccss BP ~ 

lor any bioprocess BPI that is a<lo\vnsm>am-bioprov e ss-oiW> 
„.h«° r an ^ l 1 opr ° t ' CSS BP2 ,hal is ^thwmwam-lrioproctss-ofW 
"vi-, ^ CCas ^ > hcfl -'*'"-'«w»w^/»wcwj-<»/-BP and when not (there 
cxbb a bioprocess BP3 such that <BP2 is tf^M-itfi/w/W^iww^ Bpi^BP^ 

conclude that BP2 is not a- Pcwxstrfam -Biornocuss -of BP 
for any bioprocess BP 
for any bioprt>cess BPI that is u-thmmtretmi-bioprocesi-ol BP 

whe'n BP' X^™ ess BP2 ^"K* t'-'lo\\iistri'(iiti-bioprocess-o/ BPI and 
wrtcn Br_ is not u-ikwnstream-btoprovi'ss-ol BP then 
conclude thai BP2 is .-t- DowysTRLvu-RiorRocESS -of BP 



TABLE 77 

INH-RKNCK BLOCK RULKS 

lor any cvem-dcaaivation-block B that is an attribute ol anv timc-coninuriment CC 
lor any timc-compartment NC connected at the next- 1 of CC t0,npjnmcm CC 

subworks P a « »« CC and conclude that the status of CC is deactivated 
conclude that die outcome ol B is above-threshold 
conclude that the outcome of B is above-threshold 
conclude that the outcome of B is below-thrcshold 
conclude that the outcome of B is above-threshold 
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TABLE 78 



CHU.CYCI.iI RULliS 

I or any eO- phase P 

whenever the outcome () of the ncxi-activaiion-block of P receives a value and when () is not 
vviiliin-dircshold then 

activate the subworkspacc of the g I -phase G connected at the c I of P and conclude that the 
status of G is activated 



for any gl -phase P 

whenever the outcome O of the differentiation-aciivaiion-block of P receives a value and 

when the staius of the s>-plia.se connected at the s of P is deactivated and O is noi within- 
threshold then 

activate the subworkspacc of the differ-staee N connected at the di of P and conclude that the 
status ol N is activated 



for any g I -phase P 

whenever the outcome ( ) of the next-activation-bUtck or P receives a value and when die status 
ot the differ-stage connected at the di of P is deactivated ;uid () is not wiihin-ihreshold then 

activate the subworkspacc of the s-phase N connected at the s of P and conclude that the 
status of N is activated 



for any s-phase P 

whenev er the outcome (') of the next-activation-block of P receives a value and when () is not 
wiihin-ihreshold then 

activate the subworkspacc of die g2-phase G connected at die e2 of P and conclude dint the 
status ol G is activated 



for any g2-pha.se P 

whenever die outcome O of die apopiosis-aeiivaiion-hlock of P receives a value and when 
the status of the m-phase connected at the m of P is deactivated and () is not within- 
thrcshnld then 

activate die subworkspacc of the anoptosis N connected at the ap of P and conclude that die 
status ol N is activated 



for any g2-phase P 

whenever die outcome ( ) of die next-activation-block of P receives a value and when the status 
ol the apopiosis connected ai die ap of P is deactivated and O is not wiihin-ihreshold then 

activate die subworkspacc of the M-ptiase N connected at die mot P and conclude dial the 
status of N is activated 



for any M-pliase P 

whenever the outcome () of die next-activation-block of P receives a value and when (> is not 
witliin-direshold then 

conclude dial die generation-number N of die cO-phase G connected at die cO of P = N + 1 
and conclude dial die numher-ol-eells C of G = 2 * C and conclude that the mass-per-cell of G 
= the mass-per-cell ot P / 2 :md deactivate the subworkspacc of P and conclude that die status 
of P is deactivated 



for any M-phase P 

whenever die outcome O of the gl -activation-block of P receives a value and when () is not 
within-thrcshold then 

conclude dial die generation-number N of die gO-phasc G connected at die cOof P = N + 1 and 
conclude dial die number-ol-cells C of G = 2 * C and conclude that the mass-per-cell of G = 
die mass-per-cell of P / 2 and activate die subworkspacc of the c I -phase G connected at die c 1 
of P and conclude that the status of G is activated and deactivate the subworkspacc of P and " 
conclude that the status of P is deactivated 



for any differ-siace P 

whenever the outcome ( ) of the next-activation-block of P receives a value and when () is not 
wiihin-ihreshold then 

activate the subworkspacc of die cO-phasc GO connected at the ne of P and conclude that the 
status of GO is activated and activate the subworkspacc of die c I -phase Gl connected at the nc 
of P and conclude that the status of G I is activated ~ " 
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,•„.,. . ICON COLOR RULES 

lor any hioview-obiect ( > 

whenever the toggle-stale T oi l) receives a value and when T is hide then 
wmte-Kfts wSe PaUCr " °'" ° *° *™ ,igm - a>K,r is "Shi-gray. dark-color is dim-gray. 



tor any hioprocess P 
l or any bioenginc E 
whenever the type-color of E receives a value then 
^ chance ihe color-pattern of P so that type-color = the type-color of E 

lor any hioprocess BP 

7^Z C - k- BP ' S m = VCd b> c^ uscr and whcn the subworkspace SW of BP exists and there 
.x.sis a b ocngine E upon SW and not line type-color of BP = the tvpe-color of El hen 
^ conclude that the type-color of BP = ihe type-color of E 

lor any bionode-obieet O : 
whenever the toggle-stale T of < ) receives a value and when T is hide then 
wS^^s Sif'™ °' ° 50 Uiai li?hl<0,0r is "Sh'-Sray. dark-color is dim-gray. 

lor any complex -bioentitv (> 

whenever ihe loeglc-siaie T of ( ) receives a value and when T is show then 

lor any bioemtty-noics N 

whenever the toggle-stale T ol N receives a value and when T is hide then 

JSKJErb : w2 ucr " * N so 1,1:11 ,ight - co,or ,s li?hl - J?ray - is dim -^- 



lor any biociuiiy-iuucs N 

W ?h"!;^ r .L hi: , 7- c,c - s,alc T °'. N receives a value and when T is show then 
^<ltrTbhS m °' S ° ^ lij?h '- a " or iS dini *S ra - v - *«*«**r is light-gr:,y. 

for ihe subworkspace SW of anv biorcservoir-bin BRB ~ 
lor any hioreservoir BR upon SW 

' Sec i^y^S oV B^gS " ^ " ^ SW ' 

for the subworkspace SW of anv bioreservoir-bin BRB ~ 
tor any bioreservoir BR upon S*W 

W 'S\n« m^.'^V 0 ^ hy lhe u f r ^ » ™oreservo,r upon SW ihen 

change ihe type-color icon-color oi BRB to purple 

for any experiment-selection ES 

whenever ES is moved by die user and when ihe curremlv-selected of ES is false then 
change the type-color icon-color of ES io goldenrod ' 

for any experiment-selection ES * 

W, eh"no* r ,h S . iS nM ' V ? 1 by ,htf u r tfr a,u i wncn t»« curremly-selected of ES is true ihcn 
change the type-color icon-color of ES to cold 



TABLE 80 
Labeling rules 



for any biociuity BET 
whenever BET is moved by the user and when BET has a name then 
conclude thai the mastcr-hioemiiy of BET = the name of BET 

for any bioenuty BET 

lor any hio-ohjcci-iiile T upon the subworkspace of BET 
whenever BET is moved bv the user then 
conclude thai the label of T =■ |ihe label of BET|" 

for any bioenuiy-noies FN upon ihe SW of anv hioentiiv BET 
whenever FN is moved bv the uscr then 

...™l!!"™[!l : iL l !^? ,tVl °' " ,C h,lln *-' tfc, - ,,ll « U P°" *'w subworkspace of FN = die label oi BET 



WO 96/22575 



PC17US96/00883 



TABLE 81 



ICON MOVHMKNT RULES 

lor any biopool P connected to any graph-tracer 

whenever P is min ed by the user "then 
move ihc scaled-br-graph-traccr connected 10 P 10 ( left-edce( P) - S. middlc-v( P) + I h and 
move die absolute-br-graph-traccr coiuiecied to P to delt-cdec(P) - S. middle- v<P) - 10) and 
move the br-chaininig-ixaccr connected to P to iricht-cdeeiP') + 6. middle- v(P] + H i and 
move the query-tracer connected to P to (right-edec(P) -*<S. middle-v(P) - 10) and 
change tlic core stripe-color of even- graph-link connected to P to transparent 

for any bioencirte E connected to any graph-tracer 

whenever E is moved by ihe user then" 
move the scaled-bp-graph-tracer connected to E to tleft-edee(E) - 8. middlc-v(E) + 11 ) and 
move the bp-chaininig-iracer connected to E to (lcft-edge(E) - 8. middlc-v(E) - 10) and 
move Hie up-path-tracer connected to E to (right-edgetE) + S. middle- v(E) + 1 1) and 
move the down-path-tracer connected to E UMright^deeiE ) + S. midile-v(E ) - 10) and 
change the core stripe-color ot every graph-link connected to E to transparent 

lor any bioproduct P connected to any hiopr<\luci-post PP 
whenever P is moved by the user then 
move PP to (right-edgei P> + 4. niiddle-y( P)i 

change liic core stripe-color of the icon-wire connected to R to transparent and 
change the core stripe-color ot the icon-wire connected to P to transparent 

lor any bioreactani R coiuiecied to any biorcactant-post RP 
whenever R is moved by the user then 

move RP to < lcft-cdge(R) - 3. nuddlc-y(R)> and 

change the core stripe-color of the icon- wire connected to R io traasparent 



TABLE S2 

the VELOCITY ol any BIOENGINE.E1.S1 .11 E = the first ol the fo7ow7n7cxr^ 
has a value (the clfcctive-bindirtg-siics ol the enzyme.r Z connected at the port- 1 ol'E * the 
catalytic-rate-constant ol' Z * (the concentration of the soluble-mol-pool connected to Z * the 
concentration SQ ol the soluble-mol-pool connected to the suhstrate.r S connected at the si of E 

(if not (there exists an inhibiior.biorcaciani connected at the 1 1 of E) 

then SO + the niichaelis-constant ol S else 
mi there exists a comp-inhihitor.r CI connected at the i I ot E men SQ + 

the michaelis-consiam of S * ( 1 + the concentration of the sol-mol-pool conneceted to I / the 
inhibition-constant of I / die inhibition-constant of CI ) else 
<if there exists a noncomp-inhibitor.r Nl connected at the i I of E then 

SQ * ( I + the concentration of the sol-mol-pool connected to I / the Inhibition-constant of I / 
the inhibition-constant of Nl + the niichaelis-constant of Si - < I + the concentration ol die sol- 
mol-pool conncccted to I / the Inhibition-constant of I / the Inhibition-constant of NI> else 
lil there exists an uncomp-inhibitor.r UI connected at the il of E then 

SQ * < 1 + the concentration of the sol-mol-pool conneceted to I / the Inhibition-constant of I / 
the inhibition-constant ol" UI + the michaclis-consiant of S ) else 
i if there exists a mixcd-inhihitor.r MI connected at the i I of E then 

SQ * ( I + the concentration of the sol-mol-pool conncccted to 1 / die Inhibition-constant of I / 
the inhibition-constant of Ml + the michaclis-consiant 

of S ) * ( I + the concentration of die sol-mol-pool conneceted to I / die Inhibition-constant of I 
/ die inhibition-constant of MI )))))». 0.0) 



/3t> 



WO 96/22575 _ 

PCT/US96/00883 

TABLE 83 

generic-simulati()n-fornVulas^^ 

die jjcvLLD-amountC ol aiiy biopool PO = ( max ( 9.9e-9. Hie accumulation of PO» 

state variable : d / dt (Uie accumulation C of aiiv bkotjoU*)) -'dw'input^« <7 P(T- 
die uuipui-raic ol PC l + -Uie scaled-entry of PO . Uie decay-rate-raetor of Uie bioreservoir superior 
u> the workspace ol PO * Uic scaled-amoum ol PO. wiUi iniual value Uie scakd-basal-amouni of 
Uie bioreservoir superior 10 lie wwkspace of PO «u«"um 01 

Uie INTV.T-RATF. of iuiy biopooi. PO = die first of Uie followinTeTpress^^^^^^ 
H max ( 0.0. the sum over each byproduct P connected to PO of ( Uie production-rate of P ) + 
Uie lirst ol Uie lollowing expressions Uiat has a value (Uie output- 1 of Uie model-Mock M unon 
uie subworkspace ol Uie scaled-inpui-model-box connected to PO. 0.0 ))) . 9.9e-9> 

Uie OL-nvr-RATEof any BIOPOOL PO = Uie first of in^lU^nTe^Til^w 

max <0.0. tlie sum over each biorcaetani R competed to PO of (Uic consumpiioiwaie of R » + 
Uie lirst ol Uie Inllnwin; expressions Uiat has a value (the output-1 of Ute model-block M upon 
the subworkspace of Uie output-model-hox connected to PO. 0.0 )) . 9.9e-9> 

Uiet<>NSUMinif)N-RATCofaiiy BIOREactant R =*uie"llr^**7u»e foll^in«Tx^»kinrum 
5'yA»? miLX vd, *"> of Uic biocnciiie connected to R / the stoichiomeu-ic-coeff of R i. 

Uw t().\SL'MI»ri()N-R.VIi;of any AMI'LIITn.R -BK 1RILACTANT R =0.0 

irnax ( 0.0. Uie velocity ol die hioenjine connected to P * Uie sioichiomciric-cfHMf of P (. 9.9 e -9) 

?nn U, . £U,y D,OF : N " ,Nli E== die firM of die followmjexp"^™ Urn 1^ 

,r b I > ^ . 1 wcr each hor i™ u ? m R connected to E of (the alplta-coeir of R * Uic contribution 
ol R i Uic raie-consiani-xec ol E * the uiu-coelf of E + Uie bias of E ). 9.9e-9 ) 



TABLE W 



GENERIC-SIMULATION-FORMULAS FOR THE CONTRIBUTION 
Based on Scaled-Valued Variables and Panuneters 

Uie contribution of any AfcOTjrna-BHWnACTANT R = Ute first of Uie lollowinc expressions Uiat 
airnl-S ,o ST, J" ?') ,MaX effwUvc-Wndins-Mu;* of R * Uie scalcdWum of Uie NornS 

!i| R V g ,',! i ^ iUcJ - aiIU,ulu 1,1 y,c b »»rxH»l PO connected to R / ( Uie .sealcd-michad.vk 
Uic U .NTRIflirnoN of any INHIBITOR JBK)iu^\CT 

lu* a value ( min ( 1 .0. max (0.0. Uie scaled-amount Q of Uie biopool PO connected to R / 
< Uie stalcd-iiiliihiiionk of R + Q ))) . 0.5 ) 

tfK^>N™DUTI^ 

a vtdue ( mm ( 1 .0. max (0.0 Uie eirecUve-hindiiig-sites of R • Uie sealed-amount of the bio^T 
connected to R )i Uie stoicluometric-coelf of R. 0.5 ) 

^cn.sTRiBLrrioNofa^ 

\a luc ( nun ( L0 max (0.0. Uie scaled-ainoum O of Uie biopool PO coimected'to R / ( the scalcd- 
cquil.dissoek of R + Q. ))) Uie sUHChiomeiric-ctvff of R . 0.5 ) 

die CONTRIBUTION of any KJN.R R = the first of the followins expn^iTinTito I^TaTue 
( mm (1.0. max (0.0. Uie scaled-amount Q of U)c biopool P() connected to R / ( Uie 
scaled-cquilibrium.k or R + Q ))) . 0.5 ) 

Uie CONTRIBUTION of any SINC.Ln-BIORIL\CTANT R*= Uw iirs^'uw^l^wine^xpre«ioi^ 
Uiat has a value ( mm (1.0. max tO.O. the scaled-amount of Uie biopool connected to R ». 0.5 ; 
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TABLE 85 



GENERIC SIMULATION FORMULAS FOR ABSOLUTE- VALUED VARJABLES 

the CONCENTRATION ol any SOLUBLE-MOL-POOL PO = (max (0.0. 
the accumulation of PO)) 



the DENSITY of any COMPLEXED-MOL-POOL PO = (max (0.0. the 
uccuniulauon of PO)) 



state variable : d / dt (the ACCUMULATION of any SOL-MOL-POOL PO) 
= the inpui-ratc of PO - the ouiput-raic nfPO + the concentration-entry of 
PO - the dccay-ratc-lactor ol the sol-mol-rcscrvoir superior to the workspace 
ol PO * the concentration ol PO. with initial value the basal-concentration of 
PO 



state variable : d / dl (the ACCUMULATION ol any COMPLEXED-MOL- 
POOL PO) = the input-rate ol PO - the output- ratc'of PO + the density-entry 
of PO - the decay-rate- factor of the bound-mol-rescrvoir superior to the 
workspace of PO * the densitv of PO. with initial value the basal-densitv of 
PO 



the INPUT-RATE of any BIOPOOL PO = the first of the following 
expressions that has a value (max ( 0.0. the sum over each bioproduct P 
connected to PO of < die production-rate of P ) + the first of the following 
expressions that has a value (the output- 1 of the model-block M upon the" 
subworkspacc of the inpul-model-box connected to PO. 0.0 )). 0.0) 



the OUTPUT-RATE of any BIOPOOL PO = the first of the following 
expressions that has a value ( max (0.0. the sum over each biorcaetani R 
connected to PO of ( the consumption-rate of R ) + the first of the following 
expressions that has a value (the output- 1 of the model-Mock M upon the 
subworkspace of the outpui-modcl-box connected to PO. 0.0 ) ) , 0.0) 



the PRODUCTION-RATE of any BIOPRODUCT P = the first of the 
following expressions that has a value (max < 0.0. the velocity of die 
hiocngine connected to P * the stoichiomctric-coeff of P ). 0.0 > 



the CONSUMPTION-RATE of any BIOREACTANT R = the first of the 
following expressions that has a value ( max (0.0. the velocity of the 
hiocngine connected to R / the stoichiometric -coclf of R ). OA)) 



the CONSUMPTION-RATE of any AMPLIFIER-BIOREACTANT R = 0.0 



the VELOCITY of any BIOENGINE.El.SI.il E= the first of the following 
expressions that has a value (the cffcctive-bindins-sitcs of the enzymc.r Z 
connected at the port- 1 of E * the caialyiic-rate-consiaiu of Z * < the 
concentration of the sol-inol-pool connected to Z * the concentration SQ of 
the sol-mol-pool connected to the substrate.r S connected at the s I of E / SQ 
+ the michaclis-constani of S * (if there exists a comp-inhibitor.r I connected 
at tlic i I of E then ( I + the concentration of the sol-mol-pool connccftcd to I 
/ the Inhibition-constant of I ) else D). 1.0e-yy» 
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GENERIC SIMULATION FORMULAS for Model Blocks 
the output- 1 of uiiy C( )NSTANT.F CF = the constant of CF 

Tracing and breakpoints default the output- 1 of any INCREASING.F = the current time"*"ie-5 



the output- 1 of any PROPORTIONAL.F PF= the input- 1 of PF * the gain of PF + the bias of PF 

the output- 1 of any S1GMOIU.F SF = l.o/( i.o + exp t - the eain of SF * < 1 0 * the iijpuV-u7sfT 
- the bias of SF > > 



the output- 1 of any EXP.C.PDF C = 1.0 - exp (- the x-val of E / the mean of E) 



the output- 1 of any EXP.l.PDF E = exp t- ihe x-val XofE / the mean M of E> /M 



the output- 1 of any UNIF.C.PDF UC = i if the x-val X of UC < the nun-val Ml of UC then MI els, 
'it X > the max-va] MA of UC then MA else t i X - MI) / ( MA - Ml ))) > 



the output- 1 of any UN IF. UN. F UR = random < the min-val of UR. the max-val of UR i 



the output- 1 of any NORMAL.RN.PDF NR = the mean of NR + ( ( the max-val of NR + the 
ol NR) / ft ) * sqn I -2.0 * In t random ( 0.0. 1.0) ) ) * sin ( 2.0 * pi (> ' random i 0 0. 10))* 
In ( random < 0.0. 1.0) ) 



the output- 1 of any N( )RMAL.l.PUF Nl = exp tiexpt tnhe x-val of Nl - the mean of NI i - •> / 1 "> u - 
i the max-val MA ol NI + the min-vul Ml of Nl)/ ft » * ( l.O/isqn < 2.0 * pi n * t MA + MI)/h ji. 



the output- 1 of any SLN.TIME.F ST = max i the min-val of ST. min ( the max-val of ST. the bias 
o! ST + the gain ol ST * sin i the current time / the frequency of ST > ) t 



the output- 1 of any C( )S.T1ME.F CT = max ( the min-v:d of CT. nun tthe max-val of CT 
i the current time / the frequency of CT ) / the gain of CT ) ) 



the output- 1 of any EXP.RN.PDF E = max i the min-val of E. mm i the max-val of E - 
In i random 10.0. 1.0) ) - the meat) of E )i 



TABLE RK 



GENERIC SIMULATION FORMULAS for Cell Cycle 

state variable : d / dt I the number-of-cells of any g 1 -phase Pi = the procre>sion-raie of the cycle-path 
connected at the GO of P + the progression-rate of ihe cvelc-path connected at the I)i of-P - the 
progress! on- rate of the cycle-path connected at the S of P. wiih initial value 0.0 



state variable : d / dt (the number -of-eolls of any S-phase P) = ihe procression-raie of ihe eveic-path 
connected at the Gl of P - ihe progression-rate of the c-cvcle-path connected at the G2 of P with 
initial value 0.0 



slate variable : d / dt (the number-of-cells of any G2-phasc Pi = the proere.ssion-rate of the cycle-path 
connected ui the S of P - ihe progression-rate of the c-cvcle-path connected at ihe M of P - the 
progression-rate of the cycle-path connected at the Ap of P. with initial value 0.0 



state variable : d / dt (the number-of-cells of any M-phase Pi = the procresston-raie of the cycle-path 
connected at the G2 of P - ihe progression- rate of the cycle-path connected ai the GO of P - ihe 
progression-rate of the cycle-path connected at the Gl of P. with initial value 0 0 



state v;iriahle : d / dt (the number-of-cells of any differ-stage Pi = ihe progression-rate of the 
cycle-path connected at the Gl of P - the proaression-rate of the c-cvcle-path connected ai ihe NG 
of P. with initial value 0.0 



suae variable : d / di uhe number-of-cells of any apopiosis Pi = the prosression-ratc of the cvclc-paih 
connected at the G2 of P. with initial value 0.0 ' * " 



state variable : d / dt (the number-of-cells of any cell-phase Ct = the sum over each evele- path Pi 
connected at an input of C of ( ihe progression-rate of Pi i - the sum over each evele-puih Po 
connected at an output of C of ( ihe progression-rate of Po) . with initial value ti l) 



the progression-raie ol any c-cycle-paih P = ihe rate-consiani of P - the lau-oviT of P * ihe 
numhcr-oi-cells ot the cell-phase connected at the input of P 
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an user- menu-choice 


Label 


create-local 


Applicable class 


complcx-biocntity 


Condition 


the item has a name 


Action 


start ET-CREATE-LOCAL-PROC (the item, this 


window) 



ET-CREATE-LOCAL-PROC (EN: class complex-bioentitv. \V: class 
window) 

create a complex-bioentitv LO by cloning EN: 

transfer LO to the WS of EN at (the item- x -position of EN + 

10. the item-y-nosition of EN - 30): 
for each biocmiiy CO upon the SW of LO do 

make CO transient and delete CO: 
for each bioeniity- notes BN upon the SW of LO do 

make BN transient and delete BN: 
make LO permanent: 



TABLE 90 



an user-mcnu-choice 
Label add-scaled-input 
Applicable class hiopool 

Condition the scaled-input -model -box connected to the item does 

not exist 

Action start CREATE-SCALED-INPUT-MODEL-BOX- 

PROC (the item, this window) 



CREATE-SCALED-INPUT -MODEL-BOX-PROC (BP: class hiopool. 
Win: class window) 

create a scaied-inpui-modol-box B by cloning MASTER -SCALED- 
INPUT-MODEL-BOX: 
transfer B to the workspace of BP at (Icfi-edsietBP) -7-. middle- v(BP)+*6)- 
make B permanent: 

show the subworkspace of B on Win with its center .Uo units above the 
center ol the screen: 



TABLE 9 1 



an user- menu -choice 

Label crcate-sw 
Applicable class bioencine 

Condition not ( there exists a subworkspace of the item ) and 

the toggle-state of the item is hide 
Action start CREATE-SW-FOR-BIOENGINE (the item, this 

windowi 



CREATE-SW-FOR-BIOENGINE (E: class bioencine. win: class window) 

create a workspace box by cloning the SW of bioencine- sw -master: 
show box on win at the center of the screen: 
make box the subworkspace of E: 
make box permanent: 
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an iixer-menu-choiiv 
Label add-top-posi 
Applicable class biopool 
Condition none 

Action start CREATE-BIOPOOL-P-POST-PROC 'the item. Uiis window. 



CREATE-Bl()PO(.)L-P-POST-PR( )C (BP: class biopool. Win: class window) 
create a biopool-p-post P: 

il the biopool-p-post connected ai the p(>2 ol' BP does not exist then 
next-label = pp02": 
x = - 50: else 

it the biopool-p-posi connected at the p()4 of BP does not exist then 
next-label = ppiW": 
x = - 25: else 

it the biopool -p-posi connected at the p<)6 of BP does not exist then 
next-label = 'pp06": 
x =0: else 

it the biorxxil-p-posi connected at the p08 of BP does not exist then 
next-label = "ppUX": 
x = 25: else 

if the biorxvil-p-post connected at the plOof BP does not exist then 
next-label = "pplO": 
x = 50: else 

if the biorx\il-p-{\vst connected ai ilie pi 2 of BP dix?s not exist then 

next-label = ppl2 ": 

x = 75: else 
co to part-2-rouiine: 

iransier P to the workspace of BP ai (middle-x ( BP) + x. middle-vi BP) + 41)): 
chance the texi of the label of P to "|nexi-label|' : 
call PmLPOST-NAME-lT-PROC iP.Wim: 
make P permanent: 
return: 
pan-2-rouiine: 

if not (there exists a biopool-p-posi connected at the pOl of BP) then 
next-label = "pptH ": 
x = -63: else 

if the hiopix^l-p-post connected ai ihe p03 of BP does not exist then 
next-label = "pp03": 
x = - 3X: else 

if the biopixM-p-posi connected ai the p()5 of BP does noi exist then 
next-label = pp05 ": 
x = - 13: else 

n the biopi\i|-p-posi connected ai the p07 of BP does not exist then 
next-label = pp07 ": 
x = 12: el>e 

if the biopool-p-post connected at the piWof BP di\:s not exist then 
next-label = ppOSJ ": 
x = 37: else 

if the biopool -p-post connected ai the pi 1 of BP divs not exist Uien 

nexi-labei = ' ppl 1": 

x =62: else 
co to exit-rouune: 

Transfer P to the workspace of BP at (middle-x i BP) + x. middle-vi BP) +■ 60): 
chance the text of the label of P to "|nexi-labell '. 
call P( X )LP( )ST-NAME-IT-PR( )C ( P. Win ): 
make P permanent: 
return: 
exit -routine: 

md = call uil-create-messaee-dialoe i 'md'. "Chance the label oi the new post to the 
next consecutive number, such as ppl3. place it in next position, and connect it to 
the connection ol the last raised post, and select name-it from us menu . win. the 
symbol none. 0. Ok 

transfer P to the workspace of BP at (middle-x i BP) + 100. middle-viBP) + 100): 
make P penrcuieiu: 

il ihe biopool-p-post connected at the pill of B P exists then 
move die biopool-p-posi connected at the pOl of BP to i middle-x i BP) 
- o.i. nuuuie-vi BP> + HiO>: 
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an iKer-menu-choice 

I. unci name-it 

Applicable class hiopool -post 

Condition Hie item has no name 

Action sian P(X)l.POST-NAME-IT-PRC>C (the item, tilts window) 



POOLPOST-NAME-rT-PRCK: (posi: class biopool-posi. win: class window) 
BK = the bioreservoir superior to the workspace of post: 
length = lengih-of-iexi ("(the name of BR]" ): 
base-name = omii-from-text i'|the name of BR]", lencth - 1. length): 
post-name = inscn-in-toxt i "'[the label of posi|". base-name, lencth • 1 1: 
change the name of post to symbol t lpo*i-Hame]"'i: 
change the text of the label of post to |po>t-namo) ": 
change the face-color icon-color of post to green: 
make post permanent: 



TABLE 94 



an user-menu-choke 

Label unname-n 

Applicable class biopiml-nosi 

C« <ndiiion the item has a name 

Action start W X M.K >ST- RKM< >VF.-NAME-PR( )C i the item, this window i 

PC « )I.Pt >ST-RKMC >VK..NAMK-PR<)C (post: cla ss biopool-posi. \V: class window) 
change the texi oi the names of post to "none": 
change the text of the rei-hioprocess ol post to "none": 
length = lengtb-oi-icxi uue label of post i; 
base-label = omii-from-text (the lalvl of post. I. lencth - 4i: 
change the text ol the lahel of post in ' |hase-label]":~ 
change the face-color icon-color ol post to liglu-grav; 
make rvsi permanent: 



TABLK 95 



an user-menu-choice 

Label unname-tt 
Applicable class biorole-posi 
Condition the item has a name 

Action start ROLEPt >ST-REMOVK-NAMF.-PRC XT ilhe Hem. this window. 

R( >I.EK >ST-REM< >VK-NA-MK-PR< )C . post: class biorole-post. win: class window! 
it there exists a hiopool connected to pos't then 
BR = Ihe bioreservoir superior to the workspace ol the hii»pool connec ted to post: 
it the biopool-posi named by the name of post exists l lien 
PP = ihe hiopool-post named by the name of post: 
change Hie text of the ref-bioprivesi of PP to "none": 
make PP permanent: 
change the text of the ref-bioreservoir ol' post lo "none": 
change the text of ihe names ol post to none", 
change the text of the label of post lo "none"; 
make post permanent: 
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an user-menu-ehoicc 

l-abel set-rets 
Applicable uIum biorole-posi 
Condition the item has a name 

Action start KOI.bPOST-SKT-KEFS-PROC ilhe item, this window) 

l<( >LhP< lST-SKT-RHKS-PRt >C < po.,i: class biorole-post. W: class window* 
BP = the hiopnve.vi superior to ihe workspace of post: 
it there exists a hiopool Pi > connected to post Uien 
BR = ihe bioreservoir superior to ihe workspace of PC); 
PP= the hiopost named by the name ol post: 

il post is a bioreactanl-posi and PP is not a biopool-r-posi then inform ihe operator that You are tinne ci> 
it post is a bioproduei-post and PP is not a hiopool-p-posi then inform the operator Dial You are Irvine " eUe 

conclude that the rei-hioprocess of PP = the name of BP: 

make PP permanent: 

« .include thai the ref -bi. Hvservoir of pxt = ihe name of BR: 
mukc posi permanent. 
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TABLE 101 

BP-INITIALIZATION-PROC (BP: class bioproeess" 

SW: class kb- workspace = die subworkspaee of BP: 
WS: class kb-workspace = the workspace of BP; 
allow other processing: 
conclude that the status of BP is available: 
if there exists a biocnginc E upon SW then 
chance the type-color icon-color of BP to the type-color icon-color 

of the bioengine upon SW: 
conclude that die label of E = the label of BP: 
chance the text of the mastcr-bioprocess of BP to "(the name of BP)"; 
if the hio-ohjcct-tiile upon WS exists then 

conclude ihat the compartment of BR = "(the label of the bio-ohjcci-ihle upm WSf: 
if the warnings of BP /= then chance the llae-color icon-color of BP to vellow else 

chance the flag-color icon-color of BP to the tvpe-color icon-color of BP: 
il there exists a hioreactant upon SW then 
for R = each hioreactant upon SW do 
allow other processing: 
RP = the bioreaciam-post connected to R: 
if RP has a name then 

if there exists a biopost PRP such that (PRP has a name and 
the name of PRP = die name of RP and PRP is not a biopool- 
r-posi) llien inform llio operator that "A wrong connection 
has been establised. A biorcactam-posi named |the name 
of RP] has been given the same name as a biopost that is 
not a biopool-r-post" else 
if there exists a hiopool-r-post PRP such 

that (PRP has a name and the name of PRP = the name of RP) then 
L r BR = the hioreservoir superior to the workspace of PRP: 
conclude thai die ref-hioreservoir of RP = the name of UBR: 
if there exists a bioproecss that is an-up-biopnvess-of UBR then 
lor USBP = each bioproecss dial is an-up-bioproccss-of UBR do 
conclude dial USBP is an-upstream-bioprocess-of BP: 
if there exists a biorcscrvoir that is an-up-bioreservoir-of USBP then 
for USBR = each hioreservoir that is an-un-hiorescrvoir-of USBP do 
conclude thai USBR is an-upstreanhbiorcservoir-of UBR: 
il there exists a hioproduci upon SW then 
lor P = each bioproduct upon SW do 
allow other processing: 
PP = the bioproduct-post connected to P: 
if PP has a name then 
if there exists a biopost PPP such thai <PPP has a name and 
the name of PPP = the name of PP and PPP is not a biopool- 
p-post) dwn inform the operator that "A wrong connection 
has been establised. A bioproduct-post named (the name of 
PP) has been given the same name as a biopost that is not 
a biopool-p-posr else 
if there exists a biopool-p-posi PPP such 

that ( PPP has a name and the name of PPP = the name of PP) then 
DBR = the hioreservoir superior to the workspace of PPP: 
conclude thai the ref-hioreservoir of PP = the name of DBR: 
if there exists a bioproecss that is a-down-bioprocess-of DBR then 
lor DSBP = each bioproecss thai is a-down-hionrocess-of 
DBR do 
allow other processing: 

conclude that DSBP is a-downstrcam-hioproccss-of BP: 
if there exists a hioreservoir that is a-down-hiorcservoir-of 
DSBP then 

for DSBR = each hioreservoir that is a-down-hiorcservoir-of DSBP do 
conclude that DSBR is a-downstreitrn-hioreservoir-of DBR: 
make B V permanent, 
return: 



WO 96/22575 



PCT/US96/00883 

TABLE 105 



^t^s^t^pK:- uil ' bu,, °"- w,n: c,ass wi,,dw - [,anc,: ^* • 

cail INIT-QUERY -TAB LES-PR( )C ( w in ): 
return 
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I F.T-IN1T1A1.IZAT10N-PR(JC O; 
call JNiTgUERY-TABLES-PROC twini: 
return 
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ET-INITIALIZATION-PROCO 
n: iniecer= 0: 

Kir ET = each complcx-hioentiiv do 
ii" ET lias a name ihen 
n = 0: 

conclude that ihe id of ET = "[1110 name of ET]-0": 

lor CE = each coniplex-bioeniity thai is of the class named hv the class of ET do 
n the masicr-hioomiiy of CE = the name of FT Ihen 
n = n-i l: 

conclude th;ii the id of CE = "|ihe name of ETl-[n| - ' 
return : 
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INIT-QUEKY-TABI.KS-PKOC (win: class s2-window» 
activate the subworkspace of QUERY-ARRAYS-BIN: 

ii there exists a query-array upon the subworkspace of QUERY-ARRAYS-BIN then 
7 . HM«-T} - -arrjy upon the subworkspace of gUER Y-AKRA YS-BIN do 
make gA transient: 
delete QA: 

il there exists a query-list upon the subworkspace of gUF.RY-I.ISTS-BIN then 
lor QL* each query -list upon the subworkspace of gUERY-LISTS-BIN do 
delete QL: 

call UND-BIOENTTn'-OEFIMTIONS-PROC 0 
call CREATEgUERY-USTS-PWOC ( ): 

tor gl. = each query-list upon the subworkspace of gi'ERY-l 1STS-BIN do 
CL = the rei-component-class of QL: 

it there exists a hioentity EC that is of ihe class named bv CL ihen 
lor EC s each hioeniily that is of the class named hv CL do 

can fini>-named-biue:n™ wim . 

conclude that the lenchl of gl. s ihe number of elements in Ol 
call O >.MPI .ETE-gU ER Y-TABLK- PR< KT i win i: 
call CRKATK-AUXH.lARY-gUERY- ARKA YS-PR( )C I w ini; 
deactivate ihe subworkspace of gUERY-ARRA YS-BIN: 
activate the subworkspace of QUERY-ARRAYS-BIN. 
tniorm the i>pcrau>r thai The master query list* have been completed" 

TABLE 1<» 

FIND- BK )ENTiTY-DEFINITI( >NS-PROC ( ) 
lor B = i each uil-coio-workspaee-bution upon the subworkspace of BIOENTITIES do 
lor B 1 = each uil-eoto- workspace-button upon the subworkspace of B do 
H there exists an objcci-definiiion upon the subworkspace of Bl then 
lor Ol) = each object -definition upon the subworkspace of B I do 
call CREATE-gUERY-ARRAY PROC <OD» 
else 

lor B2 = each uil-stoto- workspace-button upon the subworkspace of B I do 
inhere exists an object -definition upon the subworkspace of B2 then 
I or t >D s each object -definition upon the subworkspace of B2 do 
allow other processine: 

call CREATE-gUERY-ARRAY-PROC <OD) 
else 

for B3 = each uil-coto-workspace-bution upon the subworkspace of B2 do 
n there exists an ohjeci-slcfiniiion upon the subworkspace of B3 then 
lor ( )1> e each ohiect-definition upon Ihe subworkspace of B^ do 
call CREATE gUERY-ARRAY-PRt )C t< )|) 
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CREATE-QUERY-ARRAY-PROC (NIC: class object-definition) 
SC = symbol <ihe text of ihc superior-class of MC): 
SW = the subworkspacc ol query-arrays-bin 
ease i SO of 
protein-site : 
create a querv-arTav MA: 
transfer MA to SW at (- 160. -265): 
CL = the text ol the class-name ol MC: 
change the text of the major-class ol MA 10 "protein-sue": 
chance ihc text of the ref-component-class of MA to "|CL]"; 
chance die name of MA to symbol <"|CLl-querv-arr:iv'): 
protein-modified-croup : 
create a querv-arTav MA: 
transfer MA to SW at (-160.-265): 
CL = the text of the class-name of MC: 

change the text of the major-class ol MA to "protein-modified-croup": 
change the text of the ref-component-class of MA to "1CL1": 
chance the name of MA to symbol riCLl-querv-arrav '). 

protein-motif: 
create a querv-arrav MA: 
transfer MA'to SW at (-160. - 140): 
CL = the text of the class-name of MC: 
change the text of the major-class of MA to "protein-niouf : 
chance the text of the ref-component-class of MA to "JCL]": 
change the name of MA to symbol ("|CL]-quer\-;irTay "c 

protein-domain: 
create a querv-arrav MA: 
transfer MAlo SW at l- 160. -10): 
CL = the text of the class-name of MC: 
change the text of the major-class of MA to "protein-domain": 
change the text of the ref-component-class of MA to "|CL]": 
change the name of MA to symbol ("[CL|-querv-arrav"); 

protein: 
create a query-arntv MA: 
transfer MA'to SW at <- 160. 120): 
CL = the text of die class-name of MC: 
change the text of the major-class of MA in "proietn": 
change ihc text of the ref-component-class of MA to "ICLJ": 
change the name of MA to symbol ("lCL)-querv-arrav" i: 

hctcr.mot.complcx: 

create a querv-arrav MA: 
transfer MA to SW at (-160. 245): 
CL - the text of the class-name of MC: 

change the text of the major-class of MA to "heter.mol.complex": 
change the text of the ref-component-class of MA to "|CL]": 
change the name of MA to symbol ("ICLj-query-an-ax " i: 

Una-component : 

create a querv-anav MA: 

transfer MA to SW at <- 1 60. 370): 

CL = the text of the class-name of MC: 

change ihc text of the major-class of MA to "diia-component": 

change the text of the ref-component-class of MA to "[CL]": 

change the name of MA to symbol <"|CL]-query-arrav"): 

nucleic-acid: 

create a query-array MA: 

transfer MA to SW at t- 160. 370): 

CL = the text of the clxss-namc of MC: 

chance the text of the major-class of MA to "nucleic-acid": 

change the text of the ref-component-class of MA to "|CL|": 

change the name of MA to symbol ("|CL]-qucry-;uTav' i: 

otherwise, 
allow other processing: 
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CREATE-QUERY-LISTS-PROCO 

SW = ihc subworkspace of QUERY-ARRAYS-BIN : 
lor QA = each query-array upon SW do 
allow other processing: 
QAN = the name of QA: 
create a query-list QL: 

transfer QL to SW at (middlc-x(QA), middlc-v (QA)): 
change Uie text of tlic rcl -array of QL to "IQANJ": 
change the text of the ref-coniponcm-class ofQL to "|the ref- 
componem-class of QA1": 



TABLE 1 12 

F1ND-NAMED-BIOENTITIES-WITH-COMPONENT-PROC ( EC "class biocntily . 
QL: class query-list, win: class window) 

if EC has a name then 

call SEEK-BIOENTITY-COPIES-PROC(EC. QL. win) 
else 

allow other proccssine: 

SECN = call HND-NAMED-BIOENTITY (EC. win): 
if SECN is not none then 

allow other processing: 

SEC = the hiocntiiv named hv SECN: 

call SEEK-BIOENTITY-COPIES-PROC (SEC. QL. win): 
return: 



TABLE 11? 

FIND-NAMED-BIOENTITY (E: class biocntily. win: class windowr=7synihol ) 

SE1 = the object superior to the workspace of E: 
if SE! is not a biocntily then rcium the symbol none else 
if SE1 has a name then return the name of SEl else 
SE2 = the object superior 10 the workspace of SEl : 
if SE2 is not a bioentity then return the symbol n»«ic else 
if SE2 has a name then return the name of SE2 else 
SE3 = the object superior to the workspace of SE2: 
if SE3 is not a biocntily then return the symbol none else 
if SE3 has a name then return the name of SE3 else 
SE4 s the »*ijecl superior to the workspace of SE3: 
if SE4 is not a hi«ientity Uien return the svmbol none else 
if SE4 has a name then return the name of SE4 else 
SE5 = the object superior 10 the workspace of SE4: 
if SE5 is not a bioentity then return the svmbol none else 
if SE5 has a name then return the name of SE5 else 
SE6 = the object superior to Ihe workspace of SE5: 
if SE6 is not a bioentity then return the symbol none else 
if SE6 has a name then" return the name of SE6: 
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SEEK-BIOENTITY-COI'IES-PROC (SE: class hioemity. SEL: class query-li<i. win: class window) 
EN: symbol = the name of SE: 
insert EN at the end of lite svmhol list SEL: 
CI. = the class of SE: 
il"SE is a PROTEIN -MOTIF then 

if there exists a protein-motif CSE that is of the class named by CL 
such that (the text of the master-bioentity of CSE = ' |ENj") then 
lor CSE = each protein-motif that is of the class named by CL do 
allow other processing: 

if the text of the master-hioeniitv of CSE = "|EN]" then 

call FIND-NAMED-BIOENTiTIES-WTrH-COMPONENT-PROC (CSE. SEL. wini: 

else 

if SE is a PROTEIN-DOMAIN then 
if there exists a protein-domain CSE that is of the class named by CL 
such that (the text of the mxster-hioemiiy of CSE = "|EN|"1 'then 
for CSK = each protein-domain that is of the class named by CL do 
j I low other processing: 

if the text of the master-hioemit v of CSE = "|EN1" then 

call FIND- NAMEU-BIOENTITIES -WITH -C( )MPONENT-PR<XT CSE. SEL winj: 

else 

if SE is a SMALL-COMPONENT then 

if there exists u small-component CSF. Uiat is of the class named by 
CL such that ( the text of the master-hiocmiiy of CSE = "|EN]") then 
for CSE = each small-component that is of the class named by CL do 
allow other processing: 

if the text of the master-bioentitv of CSK = "|HN|" then 
call KIND-NAMED-BlOENTtTlES-NVTrH-COMI'CJNF.NT-PRCX; iCSF.. SEL. wini: 

else 

if SK is a DNA-U )MP( )NF.NT then 
if there exists a dna-componetu CSE thai is of the class named by CL 
such that (the text of the master-bioentity of CSE = "| ENp then 
for CSF. = each dna-compoiicni that is of the class named by CL do 
allow other processing: 

if the text of tlie musier-hioentitv of CSE = "(EN)" then 
call nND-NAMED-BlOENTiTlES-WITH-COMI'ONF.NT-l'ROL- (CSE. SEL. win): 

else 

if SE is a HETF.R MOL.COMPLF.X then 
if there exists a heter.mol.complex CSE that is of the class named by 
CL such that (the text of the master-bioentity of CSE = "IKNI'Vthen 
for CSE = each heier.mol.complex that is of lite class named by CL do 
allow oilier processing: 

if the text of the master-bioentitv of CSF. = "|EN1" "hen 

call FIND-NAMED-BIOHNTiTIES-WlTH-COMI'ONF.NT-PROC- (CSE. SEL. wini: 

else 

if SE is a PROTEIN then 

if there exists a protein CSE that is of the class named by CL such 

that (the text of the master-bioentity of CSE = "(EN1" 1 then 
for CSF. = each protein that is of the class named by CL do 
allow other processing: 

if the text of the master-bioentitv of CSE = "|F.N]" then 

call FIND-NA.\IED-BI(JENTITIES-WITH-C().NII , ONENT-PROC (CSE. SEL. wim. 

else 

if SF. i> a NL'CLEIC-ACID then 

if lliere exists a nucleic -acid CSE that is of the class named hv CL 

such that (the text of the niaster-bioemity of CSF. = "|ENp then 
for CSE = each nucleic-acid that is of the class named by CLdo 
allow other processing: 

if the text of the master-bioentitv of CSE = "IEN|" ihen 
call FIND-NAMED-BIOENTTTIKSAVITH-CC )MI"ONENT-l'ROC (CSE. SEL. wini: 

else 

if SE is a MEMBRANE then 

if there exists a membrane CSF. that is of the class named by CL such 
thai (the text cl the masior-hiocntity of CSF. = "|EN]" ) then 
lor CSE = each membrane that i.s of the class named by CL do 
allow other processing: 

it the text of the master-bioemttvof CSE = "|EN'l" Uwn 
call nND-NA.\IED-BIOHNTiTIES-\VlTH-COMI>ONENT-PR(K: (CSE. SEL. wini: 

else 

if SE is a BIOENTTTY then 

it' there exists a hioemity CSE that is of the class named by CL such 
that ( the text of the masicr-hiocmiiy of CSE = "|ENf ) then 
for CSF. = each hioemity that is of the class named by CL do 
allow other processing: 

if the text of the master-bioentitv ol CSF. = "|EN|" then 

call UND-NAMED-BIOENTrnHS-WlTH COMh )NF.NT-I'R< )C (CSE. SEL. wini: 
ict urn: 
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A £ w ~ the Mhworkspacc of QUERY-ARRAYS-BIN: 
LSW = die suhworkspace of QUERY-LISTS-BIN- 
U Uierc exists a query- list upon LSW then 
lor QL = each querv-list upon LSW do 
if U»c lencht of QL > 0 ilien 
if there exists a query-array QA upon ASW such that (QA is die same 
object as the query-array named bv die ref-arrnv of QL) then 
allow odier processing: 

change die array-length of QA to djc lenelu of QL: 

lor S = each symbol in QL do 
IV s die text of the initial- values of QA: 
change the text of the initial-values of QA to "fIVJ. [S]"- 

IV = omu-lrom-texi ( die text of d)e iniUal-values of QA. 1 6)- 

change die text of die inidal-values of QA to "(IVJ" 

make QA permanent: 



TABLE 1 16 



Names 
Array lengdi 
Element type 
Initial values 



Rel component class 
Ma jor class 



a sun-ct-anav 

A-HELIX-M()T1FA)UERY-ARRAY 
..8 

Symbol 

a.lielix.domain.mc. gh.rna. prolactin.ma. 

I.somatolactin.ma. m.epo.ma. i!2.ma. rn.il6.ma. 

m.g.cst.ma. e.mgi.ma. il6.ma. c.csf.ma. 

m.lif.ma. osm.ma. r.cntf.ma. Iif!ma. rn.il4.ma. 

rn.iJ3.ma. m.gm.csf.ma. m.il5.ma. iW.ma. 

ij5.ma. il3.ma. gm.csf.ma. m.iI7.ma. rn.il9.ma. 

il/.ma. iiy.ma. a.helix.moiif.mc 
a-helix-modf 
pnnein-mouf 



Names 

Element type 

Allow duplicate elements? 

Ref component class 

Ref army 

Lenclu 



a query- list 

A-HELIX-MOTIF-QUERY-LIST 

symbol 

no 

a-helix-miHif 
a-lK'lLx-moiif-uuerv-arrav 



TABLE 117 
CREATE-AUXlLJARY^l'ERY-ARR^ 

SW = die suhworkspace of QUERY-ARRAYS-BIN 
create a query-array MA: 
transfer MA 'to SW at (-160. -390): 

change die name of MA to the symbol no-group-selecdon-querv-arrav 

make MA permanent: 

create a query-arrav MA: 

transfer MA io SW at (-160. -390l: 

cliange die name of MA to die symbol no-motif-selecuon-uuen-arrav 

make MA permanent: 

create a querv-arrav MA: 

transfer MA to SW at (-160. -390): 

change die name of MA to the symbol rw-domain-seleaion-uutfrv-arrav 

make MA permanent: 

create a querv-arrav MA: 

transfer MA to SW at (-160. -390): 

cliange die name of MA m die symbol nivsubunii-selection-querv-arrav 
make MA permanent: 
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INIT-ICONS-CALLB ACK (button: class button, win: class window, panel : class 
selecuon-panci > 

call INIT-BR-ICONS-PROCO: 
call INIT-BP-ICONS-PROC ( ): 
return 



INIT-BR-ICONS-PROCo 
lor BR = each hioreservoir do 
if the subworkspace of BR exists then 

allow oilier processing: 

WS = the subworkspace of BR: 

P = lite hiopool upon WS: 

for GL = each c-graph-link connected to P do 
chance the core stripe-color of GL to transparent: 

if there exists a c-graph-tracer upon WS ilien 
SG = die c-scided-br-graph-tracer connected to P: 
move SG to < lelt-edae(P) - 8. middle-y(P) + 1 1 1. 
AG = die c-ahsolute-hr-graph-lraccr connected lo P. 
move AG to (left-cdce(P) - 8. middle-y(P) - 10): 
CH = die c-br-chainiiiia-traccr connected to P: 
move CH u> (righi-edge(P) ♦ 7. middle-y(P»: 

change die si/e of WS to minimum. 

make WS pemuuiem: 



INIT-BP-ICONS-PROC O 
lor BP = each bioprocess do 
if die .subworkspace of BP exists then 
allow odier pnvessing: 
WS = the subworkspace of BP: 
E = the hioensinc upon WS: 
lor GL = each c-graph-link connected to E do 
change the core stripe-color of GL to transparent: 
ST = the c-sealed-hp-gmph-u-accr connected to E: 
move ST to (lell-edsc(E) - 9. middle-y(E) +11): 
CH = die c-bp-cliaininie-uacer connected to E: 
move CH to ( Icft-edccfE I - V. middle-y(E) - ID: 
UP - the c-up-padi-tracer connected lo E: 
move UP to (right-edge(E) + S>. middle-y(E) + 1 1 1: 
DN « die c-down-path-iraeer connected to E: 
move DN lo irighi-edge(E) + S>. middle-ytE) -III. 
if diere exists a biorcacumt-posi upon WS dicn 
lor RP = each hiorcaciam-posi upon WS do 
R = die hioreaciant connected to RP: 
move RP to (left-ed«e(R) - 3. middle -yiRM: 
if diere exists a hiopr«>duet-posi upon WS dien 
for PP = each bioprinluct-post upon WS do 
P = the bioproduct connected to PP: 
move PP to (ri2ht-edac(P) + 4. middlc-y(P)): 
change die size of WS to minimum, 
make WS perm:incnt: 



TABLE 118V> 



ALL-INIT-CALLBACK (button: class button, win: class window, panel: class 
wleciiiHi-panell 

call NAV1G-IN1T-PROC (win): 
call SIMUL-INIT-PROC twin): 
call IN1T-BRICONS-PROC ( >: 
call INIT-BP-ICONS-PROC ( i; 
return 



WO 96/22575 



PCT/US96/Q0883 



TABLE 1 19 

for any biomodel BM 

whenever BM is moved hv ihe user then 

Stan BIOMODEL-WS-CHECK-PROC (BM) 

B'OMODEL-WS-CHECK-PROC 7BM:"^"wiii"^dei> 
WS = ihe workspace of BM; 

L f ^ e ?i-1 , a litlc upon ws and BM nas a sw ™<1 ihere is a title upon the 
SW of BM then: 

T = the title upon the SW of BM: 

new-label = "<the label of BM>-<thc label of the title upon WS>" 

il new-label /= the label of T then: 
conclude that the label of T = new-label: 
call REMOVE-BIOMODEL-CONTAIN1NG-PROC (BM) 
call BIOMODEL-INITIALIZATION-PROC (BM): 

remove"biomodel-c<^ 

WS = the workspace of BM: 

for each biomodel BM1 thai is bm-amutined-in BM do 
lor each biomodel CBM that is ihi'-amuimer-of-hm BM do 
conclude thai BM 1 is not BM - CONTAINED- zv CBM; 
lor each biopniccss BP thai is bp-conutiiwd-in BM do 
for each biomodel CBM that is llie-amiainer-of-lmi BM do 
conclude that BP is not BP-CONTAINED- & CBM: 
lor each biorescrvoir BR that is br-comained-in BM do 
for each biomodel CBM that is ihe-amiaiiwr-of-bnt BM do 
conclude thai BR is noi BR- contained- zv CBM- 
for each biomodel CBM thai is the-amuihwr-of-bm BM do 

conclude thai BM is not DM -contained- zv CBM: 
if WS has a superior item S and S is a biomodel then: 
BM2 = the biomodel superior to WS: 
conclude that BM is BM- CONTAINED-IN BM2: 
for each hiomodci CBM that is ihe-coiitnwer-of-bni BM2 do 
conclude that BM is BM' CONTAINED -IN CBM 
return 
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an uscr-mcnu-ehoicc 

Label details 
Applicable class bioprocess 

Condition the subworkspacc of the item exists 

Action stan DETAILS-BP-PROC (the item, this window) 



DETAILS-BP-PROC (BP: class hioproccss. WIN: class window) 
if the subworkspacc of BP exists then 
SW = the subworkspacc of BP: 
if the toggle-state of BP is hide then: 
if the status of bP is available then 
conclude that the status of bP is selected: 
activate SW; 

change the status-color of BP to brown: 
conclude that the toggle-state of BP is show: 
E = the bioensine uponSW : 

move the scaled-bp-graplwraccr connected to E to <lefi-cdce(E) - y. 
middlc-y(E)+ 1 1): 

move the bp-chaininie-traccr connected to E to irisihi-ednctE) - y. 
iniddle-y(E) - H»): 

move the up-path-tracer connected to E to (riuht-cdsieiE) + y. 
middle-y(E)+ II): 

move the down-path-tracer connected to E to < ri«hi-eds.'e(E) + y. 

middte-y(E) - 10): 
for each bioreactant R upon view do 
move the biorcactani-posi connected to R to < left-cdce(R) - .V 
middle-y(R»: 
for P = each biopnxluct upon view do 
move the bioproduct-post connected to P to <ri<:ht-cdi!C(P) + 4. 
middlc-y(P)): 
change the size of SW to minimum: 
show SW on Win at the center of the screen: 
else if the toggle-state of BP is show then: 
conclude that the toggle-state of BP is hide: 
change the status-color of BP to slate-blue: 
if the status of bP is selected then 

conclude that the status of bP is available: 
deactivate SW : 
hide SW on Win 
else if the mastcr-hiopnx - ess of BP has a value then 

call BP-M ASTER- DETAILS-PROC (BP. wini 
else return 



BP-MASTER-DETAILS-PROC (BP: class bioprocess. win: class window) 
MA = the bioprocess named by the masicr-bioproccss of BP: 
if the toggle-state of BP is hide then 
conclude that lite toggle-state of BP is show, 
if the subworkspacc of the item named by the mastcr-bioprocess of 
BP exists then 

SW = the subworkspacc of MA: 
change the size of SW to minimum: 

show SW at full scale with its center at the center of the screen: 
conclude that the toggle-state of MA is show: 

else 

if the toggle-state of BP is show then 
conclude that the toggle-state of BP is hide: 
conclude that the toggle-state of MA is hide: 
hide the subworkspacc of MA on win: 



ist 



W0 9d/22575 



table 121 



PCT/US96/00883 



... an uscr-rnenu-choice 

Label details 

Applicable class bioresenoir 

Condition none 

Action _ ,J an DETAILS-BR-PROC ( the item, this window) 

DETAILS-BR-PROC fBR: class bioresenoir. win: class window i 
if the subworkspace of Br exists then 
SW = the subworkspace of BR: 
it' the toggle-state of BR is hide then 

change the status-color icon-color of BR to brown: 

conclude thai the toggle-state of BR is show. 

CL = the hr-chaininig-tracer connected to the biopool upon SW: 

SG = the scaled-br-graph-traccr connected to the biopool upon SW: 

AG - the absolutc-br-graph-iraeer connected to the biopool upon SW: 

move CL to (richt-edeet Pi + 6. middle-y( P»: 

move SG to I left-edge) P) - 8. middle-y(P) + 1 IV 

move AG to ( left-edge< P) - 8. middle-y(P) - loj: 

change the size of SW to minimum: 

show the subworkspace of BR on win at full scale with its bottom 
lett comer 200 units to the riehl of the center of the screen- 
else 

conclude thai the toggle-state of BR is hide: 

change the status-color icon-color of BR to medium-aiiuamarine- 

hide the subworkspace of BR on win: 
else il" the master-bioprocess of BP has a value then 

call BR-MASTER.DETAILS-PROC (BP. win 
else return 



B v R ,t ,A S T EK-i:>ETAlLS-PR(>C (BR: class bioresenoir. win: diss window, " 
MA = the hioreservoir named bv the masier-bioreservoir of BR- 
it the toggle-state of BR is hide "then 
conclude that the toggle-state of BR is show: 

it the subworkspace of the item named by the master-biorescrvoir of BR exists then 
SW = the subworkspace of MA: 
chance the size of SW to minimum: 

show SW at full scale w ith its center at the center of the screen: 
conclude thai the toggle-siate of MA is show: 
it' the text of the user-mode of win /= "simulation" then 
chance the status-color icon-color of MA to brown- 
else 

conclude that the toggle-state of BR is hide: 
conclude that the toggle-state of MA is hide: 
hide the subworkspace of MA on win: 
if the text of the user-mode of win /= "simulation" then 
cnange the status-color icon-color of MA to slate-blue. 



TABLE 122 

, ,_ , ait user-menu-choice 

Label details 
Applicable class complex-hioeniiiv 
Condition none 

Aaion start ET-UETAILS-PR(X? (the item, this window ) 

ET-DETAILS-PROC i EN : class compJex-bioemitv. W: class window i 
ii the subworkspace of EN exists then view » the'subworksnace of EN 
it the toggle-state of EN is hide then 

conclude that the toggle-state of EN is show- 
show view at the center of the screen : 
if the mastcr-biocnuiy of the item has a value then 

if the bioentity named by the master-hioemitv of EN has a SW then 

master-view = the subworkspace of the bioentity named bv the masier-bioentitv of EN 
cnange the size oi master-view to minimum, 
show master-view at the center of trie screen: 

else 

if the toggle-state of EN is show then 
conclude that the toggle-state of EN is hide: 
hide view on W: 
.tide nuister-view on W 
return: 

IS5 
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Label 

Applicable class 

Condition 

Action 



Label 

Applicable class 
Condi linn 
Action 



an uscr-mcnu-choiec 

bioentity 
hiorcscrvoir 

the rel-bioentity of die item has a value 



change the size of the subworkspace SW of Uie biocntitv named bv the rcf-Mocmiiv 
of the item to minimum and show SW on win at the center of die screen: 

an user-men u-choice 
bioentity 
biopool 

the ref-biocmity of the hiorcscrvoir superior to the workspace of die item has a value 
change the size of the subworkspace SW of the rer-biorescrvoir superior to the 

workspace ol the item to minimum and show SW on this window at the center of 

uic screen 



Unci 

Applicable class 
Condition 

Actum 



an user-men u-choice 
bioentity 

biorole -object 

the rel-bioentity of the hiorcscrvoir superior to the biopool connected to the item 
has a value 

chance the size of the subworkspace SW of the rcf-biocmitv of die hiorcscrvoir 
superior to the biopool connected to the item to minimum and show SW on this 
window at the center of the screen 



TABLE 126 



an uscr-mcnu-choice 
Names none 
Late' show-references 
Applicable class hiorcscrvoir 
Condition none 

mtiSHOW-REFERENCES-OF-ARRAY-PROC fthc item, this window) 

SHO\V-R£FERENCES-OF-ARRAY-PR^^ 
array = ihc rclcrcnccs-array that cives Uic references of BR 
BIN = the subworkspace of REFERENCES-BIN- 

x =0: 
y = 0: 

if the array-length of array /= 0 then 
create a workspace WS by cloning the subworkspace of REFERENCE-WS 
lor rcl-hutton = each co-to-subws-button upon BIN do 
SW = ihc subworkspace of rcl-bution: 
for R = each cabe-rcfercncc upon SW do 
for T = each text in array do 
if T /= "" and die short-ref of R = T then 
create a cabc -reference R I by clonine R: 
transfer R 1 to WS at (x, y): 
y = v - 50: 
if v < -900 then 
x = x + 300: 
y = 0: 

change the size of WS to minimum: 

show WS on win at Ujc center of the screen: 
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TABLE 127 



CREATE-GENERAL-STKUCTL;RE-SELECT1()N-P.\NEL-CALLBACK i menu: class menu-option, 
win: class window) 

rnd = call create-messaee-dialoc i "md". "Processinc ". the svmbol extra-larce. win. 0. 0): 

panel = call clone-panchM ASTER -GENERAL-STOUCTURE-QUERY-PANEL): 
SW s the suhworkspace of panel: 

call SET-RAUIO-BOX-ID-PROC recneral-struciure-panel". 

"GENERAL -STRUCTURE-QUERY-PANEL-radio-bo.V'. SW. win), 
if there exists a uil-medium-text-pushbuuon do upon SW such that ( the id of de = "de") then 

change the text of the callback of de w "DELETE-QUERY-PANEL -CALLBACK", 
show SW on win at the center of die screen: 
delete md: 
return: 



TABLE 12S 



SET-RADIO-BOX-ID-PRC )C (r-id: text, rb-id: text. SW: class workspace, win: class window) 
if there exists a radio-buuon r upon SW such that (the id of r = r-id) then 

rb = the radio-box thai is the-croup-masier-of r: 

urb-id = call unique-id ( "|rb-id|"): 

conclude that the id of rb = ' Jurb-id]": 
return: 



GET-RADIO-BOX-ID-PROC t r-id: lexi. SW: class workspace, win: class window) = i value i 
if there exists a radio-buuon r upon SW such thai i the id of r = r-id ) then 
rb = die adio-hox thai is die-croup-masicr-of r: 
return "|the id of rb|": 



TABLE 129 

SELECT-GENERAL-STRUCTURE-QUERY-P.\NEL-CALLBACK (button: class button, 
win: class window, dig: class query -panel) 

SW = die subworkspacc of die. 

md = call croate-messace-dialoc ("md". "Processinc ". the svmbol extra-larce. win. 0. Or. 

rb-id = call GET-RADIO-BOX-ID-PROC rgeneral-struciure-paiicr." SW. win), 
type = call cei-radio-box-valuc idly, rb-id): 
case (type i of 
subunus: 

MP * M ASTER-S U B UN ITS-QUE R Y - PANEL : 
domains: 

MP * MASTER-IX >MA1NS-QUERY-PANEL. 

motifs: 

MP = MASTER-MOTIFS-QUERY-PANEL: 
croups: 

"MP = MASTER-GROUPS-QUERYPANEL: 
subuniis-subumts: 

MP = MASTER-SUBUNITS-SUBUNlTS-yUERY-PANEL: 
domains-domains: 

MP = M ASTER-DOM AINS-DOMALNS-QUERY-PANEL: 
domains-motifs: 

MP = MASTER-DOMAINS-MOTIFS-QUERY-PANEL: 
domains-croups: 

MP = M ASTER-DOMAINS-GROUPS-QUERY-PANEL: 
motifs-motifs: 

MP = MASTER-MOTIFS-MOTIFS-QUERY-PANEL: 
moms-croups: 

MP = M ASTER-NH )TlFS-GROUPS-QUER Y-PANEL: 
croups-croups: 

"MP = MASTER -GROUPS -GR( )UPS-QUER Y-PANEL: 
panel = call clone-panel (MP): 

call CREATE-GENERAL-QUER Y-PANEL-PROC ( type, panel, winr. 

show the subworkspace of die with its bottom right corner at the bottom right comer of the screen: 
show the subworkspace of panel at the center of the screen: 
delete md: 
retun:. 



WO 96/22575 



PCTAJS96/00883 



TABLE lj0 



CREATE-GENERAL-QUERY-PANEL-PR<XT (type: svmhol. panel: class querv -panel, 
win : class window) 

S\V = the subworkspace of panel: 

it there exists a nidio-hutton B upon SW such that (the id of B = "subunits") then 

call SET-RADIO-BOX-ID-PROC ("subuniis". M 3-BR-|' ivpe' l-QUERY-radio-box". S\V. win): 
il there exists a radio-button B upon SW such that (the id of B = "domains") then 

call SET-RADIO-BOX-ID-PROC ("domains". "4-BR.|tvpe]-QUERY-radio-box". SW. win), 
it there exists a radio-button B upon SW such that (the id of B = "motifs") then 

call SET-RADIO-BOX-ID-PROC ("motifs". 5-BR-(tvpel-QUERY- radio-hox". SW. wim. 
il there exists a radio-button B upon SW such that (the id of B = "croups") then 

call SET-RADIO-BOX-ID-PR(XT ("groups", "6-BR-|iyne|-UUERY-radio-box". SW. win): 
il there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

call SET-RADIO-BOX-ID-PROC ("subuniis". "3-BR-|tvpel-QUERY-radio-hox". SW. win): 
il there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

cull SET-RADIO-BOX-ID-PROC ("domains". "4-BR-|type|-QUERY-radio-box". SW. win): 
il there exists a radio-button B upon SW such that (the id of B = "moiit's-2") then 

cull SET-RADIO-BOX-ID-PROC ("motifs". "5-BR-ltvpe|-QUERY-radio-box". SW. wini: 
il there exists a radkvbuttnn B upon SW such that (the id of B = "eroups-2") then 

call SET-RADIO-BOX-ID-PROC ( groups". "6-BR-|tyrx'|-UUERY-radio-box". SW. win): 
il there exists a icxi-pushhution de upon SW such that ( the id of de = "de") then 

change ihe text of the callback 01 de to "DELETE-QUER Y-PANEL-CALLB ACK" : 
show SW on win at the center of the screen: 
return: 



TABLE 131 

QUEIO' -GENERAL-STRUCTURE-CALLBACK ( button: clasTbuuon™^^ 
panel: class query-panel) 

nid = call uii-create-messacc-dialoc < "md". "Processinc ".the svmhol larce 

win. 0. 0): * " ' 

ETL. TX2 = call QUERY-GENERAL-STRUCTURE-PROC (panel, win): 

create a free-text FT2: 

chance the text of FT2 to "[TX2]": 

concfude that the scroll-title of ETL = TX2: 

conclude Uiat FT2 is THE-TEST-ITEM-LIST-OF ETL: 

call CREATE-GENERAL-yUERY-OLTPUT-P.ANEL-PROC (ETL. FT2. panel, winr 
delete md: 
return: 



TABLE 132 



U;UER Y-CENER AL-STRUCTURE-PR' K (panel: class querv-panei. win ; class window) = 
• class scroll -text-list, text) 

PN = the name of panel: 

SW = the subworkspace of panel: 

if there exists a radio-button B upon SW such that (the id of B = '"subunits") then 

type I. PSA = call FIND-SPEC1FIC-ARRAY-PROC ("subunits". panel, win): 
tl there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 

iypc2. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC ("subunits-2". panel, win): . 
il there exists a radio-button B upon SW such thai (the id of B * "domains") then 

iype3. PDA = call FIND-SPECIFIC-ARRAY-PROC ( "domains", panel, wim: 
il there exists a radio-button B upon SW such that (the id of B = "domains-2") then 

type4. PDA-2 • vull FIND-SPECIFIC- ARRAY-PR( XT ("domains-2". panel, win): 
il there exists a radio-button B upon SW such that (the id of B = "motifs") then 

type*. PMA = call FIND-SPECIFIC-ARRAY-PRCX? ('-motifs", panel, win): 
it there exists a radio-button B upon SW such that (the id of B = "nwtifs-2") then 

type*. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC ("moiifs-2". panel, win): 
il there exists a radio-button B upon SW such that (the id of B = "croups') then 

iyoc7. PGA = call FIND-SPECIFIC- ARRAY-PR(XT ("croups"' panel, wim. 
n there exists a radio-button B upon SW' such that (the id of B = croups-2") then 

typeX. PGA-2 = call FIND-SPECIFIC-ARRAY-PRt KT ( "groups-2 '. panel, win): 

conunue next pace 
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TABLE 132 com. 

if PSA exists ihen 
if PSA-2 exists then 

if there exists a scroll-text-lisi ETL such that (the label of ETL = "|PN|-t\pel i v P*2-ETL") (hen 
so (o final-routine 
else 

F.TL. TX2 = call MERGE-TWO-STRUCTURE-LISTS-PROC (ihe svmlx.l subunit the svmbol 
subunit. tvpel. r\pe2. PSA. PSA-2. panel, win); 

else 

TX2 = capitalize -words ( proteins with structures defined in this module that contain |lvpel |"); 
for Tl = each symbol in PSA do 
insert Tl ai the end of the text list ETL; 

else 

if PDA exists then 
il'PDA-2 exists then 

if (here exists a scroll-text-list ETL such that (the label of ETL = ''|PN)-ivpe3-ivpe4-ETL ") men 

go to final -rouune 
else 

ETL. TX2 = call MERGE-TWO-STRUCTURE-LISTS-PROC (the svmbol domain, the svmhol 
domain. Iype3. type4. PDA. PDA-2. panel, win) 

else 

if PMA exists then 

if there exists a scroll-text-list ETL such that (die label of ETL = [PN)-t\ pe.Vrvpe.vETL" i (hen 

co to final-routine 
else 

ETL. TX2 = call MERGE-TWO-STRUCTURE-LISTS-PROC (the svmhol domain, the svmbol motif. 
ivpe.V type5. PDA. PMA. panel, wini 

else 

if PGA exists then 

if (here exists a scroll-texi-list ETI. such that (the label of ETL = "|PN|-lvpe3-ivpe7-ETl. ") then 

so to final -routine 
else 

ETL. TX2 = call C-MERGE-TWOSTRUCTURK-LISTS-PROC 

i the symbol domain, the symbol group. I\pc3. tvpc7. PDA. PGA. panel, win) 

else 

TX2 = capitalue-words ( proteins with structures defined in this module thai contain livpe3D: 
for Tl = each symbol in PDA do 
insert Tl at the end of the text list ETL. 

else 

if PMA exists then 
if PMA-2 exists then 

if there exists a c-scroll-texi-lisi ETL such that ithe label of ETL = '|PN|-rvpe5-tvpo<S-ETL') Uien 
go 10 final-routine 
else 

ETL. TX2 = call MF.RGE-TWt >-STRUCTURK-LISTS-PROC (the svmhol motif, the svmbol motif, 
type*, typeft. PMA. PMA-2. panel, win) 

else 

if PGA exists then 

if there exists a scroll-text-list ETL such thai ithe label of ETI. = '"|PN)-iypc5-ivpc7-ETl. ") then 

go to final-routine 
else 

ETL. TX2 = call MKRGE-T\V< >-STRUCTURE-l JSTS-PROC < the svmbol moiif. the svmbol ..-roup. 
iype>. type?. PMA. PGA. panel, win) 

else 

TX2 = capitalizc-wiirds ("proteins with structures defined in this module Hut contain |ivpe.S]"j: 
for Tl * each symbol in PMA do 
insert Tl at the end of the text list ETL: 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a >croll-text-list ETI. such that (the label of ETI. = [PN|-type7iype8-ETL') then 

yo to finaJ-rouune 
else 

ETL. TX2 = call MHRGE TWO-STRUCTUKK-LISTS-PROC < (he svmhol croup, (he svmbol croup. 
I\pe7. ivpe.V PGA. PGA-2. panel, win) 

else 

TX2 = capitalize-words (" proteins with structures defined in this module that contain |tvpe7| "j: 
for Tl = each symbol in PGA do 
insert Tl at (he end of the text list ETL: 
return ETI - TX2: 

final-routine: 
TX2 = the scroll-title of ETL. 
return ETL. TX2: 
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TABLE 135 



CREATE-GENERAL-QUERY-OUTPUT-PANEL-PROC (ETL: class scroll-text- list. FT: class free-text, 
die: class query-panel, win : class window) = (class query-panel) 

if there exisis a querv-panel panel such ihat ( the lext of the id of panel = 
"|the label of ETL1-QUERY-OUTPUT-PANEL") then 
co to final-routine 
else 

create a query-panel panel by cloning MASTER-MOLECULAR-QUERY-OUTPUT-PANEL: 
transfer panel to die suhworkspace of UIL-dia log-bin at (0.0): 
SW = die suhworkspace of panel: 

chance the text of the id of panel to "lihe label of ETL]-QUERY-( )UTPUT-PANEL": 
transfer FT to SW at <0. 90): 
make p;wcl permanent: 

sa = call create-scroll-area-from-lisi Cquery-ceneral-scroH". 5. ETL): 
conclude that the allow-uaselcct-ofv-selected-message of sa is true: 
conclude thai the aJlow-muiiiplc-sirnultaneous-sclccuons of sa is true: 
call add-onj-to-dialoc (panel, sa. 0. -30): 

change tine text of the uil-mcssagc-scicction-meihod of sa to "query-message-selection" : 
change the text of the uil-message-unsclcction-mcihod of sa to query-messagc-unseleaion": 
change the text of the ordering- method of sa to "alphabetic": 

de = call create-pushhuuon ("do", die svmbol DELETE-QUERY-PANEL-CALLBACK 

"DELETE", panel. 0. -145): 
go to final-routine: 
final-routine : 

change the size of the suhworkspace of panel to minimum: 

show the suhworkspace of dig with its lop right corner 40 units below the top richt comer of the screen: 
show the suhworkspace of panel on win with its center 300 units to the left of the center of the screen 
return panel: 



TABLE 136 



QUERY-MESSAGE-SELECTION-PROC (MO: class message-object. SA: class scroll-area. 

win: class window) 

BON = symbol (the lext of MO): 

BO = the bio-object named by BON: 
change the size of the suhworkspace of BO to minimum: 
show the suhworkspace of BO on win with its center 300 units to the 
right of die center of the screen : 

OUERY-MESSAGE-L'NSELECTK )N-PR( XT < M< >: class message-object" ^da^roN-a 
win: class window) 
BON = symbol (the text of MO). 

hide die suhworkspace of the bio-object named by BON on win: 



TABLE 137 



DELETE-OUERY-PANEL-CALLBACK (button: class button, win : class window, panel: class dialoei 
SW = the suhworkspace of DIALOG-BIN: 

md = call create-messace-dialog ("md". the symbol DELETE-MD-CALLBACK. "Processinc 

die symbol extra-large, win. 0. 0(: 
if there exists a scroll-iexl-list that is a-Iist-associaicd-l<vdls panel then 
lor L = each scroll-iexl-list tint is a-lisl-associatcd-io-dls panel do 
delete L: 
call delete-dialog (panel): 

if there exists a message-dialog ME upon SW then 
for md = each message-dialog upon SW do 
ilcleie md: 
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Table 143 

»M E f T t? R '.? UERY ' UST ' P , ROC flb,: ,tfxl - P JIW,: class qucrv-pancl. win: class window) = (class scroll-iexi-list, ' 
FN. svmrxu ■ the name ot panel: " 
BRN: symbol * symbol (the relaied-item of panel): 
if BRN is not none ihen 
if noi (there exists a scroll-texi-list L such Uiat (the label of L - "[PN|-|lbl]-|BRND) ihen 
create a scroll-iexi-list L: 

conclude thai the label of L « "|PN|-|lbl]-[BRNl". 
transfer L 10 ihe subworkspacc of safe-homc-for-lisis ai <- 105 ">Sy 
conclude thai L is a-lisi-associated-to-dlc panel: 
reium L: 
else 
reium L 



TABLE 144 



window- i !' ET ' L1ST " FROC <BRL: C ' aSS Kro,, - |ex| - iiM - L: class scroll-text-list, panel: class quei^-pa^eT win" VlaT 
move BRL to (135. 10): 
if the number of elements in BRL >= 0 then 
for T - each text in BRL do 
BRN = symbol (T): 
BR = ihe hioreservoir named bv BRN. 
if the ref-bitvntity of BR has a current value then 
EN ■ the biociimy named by tltc rcf-hioeniiiv of BR: 
insert "|ihe name of EN|" at Ihe end of the text list L 
return 



TABLE 145 



RRS R I'^i RHLA I E . D f AL , LB ^ CK fbut,on: class but,on - win : class ^vintfcvTp^nc^ 

BRN. symbol - symbol i the rclaied-iiem of panel): 1 • 1 

PN: symbol * the name of panel: 

SW: class kb- workspace = the subworkspacc of panel: 

il not ithcre exists a seroll-lext-lisi L such that (the label of L « "IPNl-DPKL-fBRNr or 

ihe label of L = |PN]-UPKL-|BRN|" )) then ' 

CT ctck «aSSSS,SL Z,!? l n M f. 11 * n,BBaStf Up °" U,C SW °' 10 " Ret ' Uired Nation is no. available, 
else l*>«n>ircamor Upstream and try u> query again" and show the SW of md on ihe current window M ,o. ()>. 

create a nK-ssape-dialoj: md. set the text of the message upon the SW of md to "Processinc ... " and 
show Hie Sw ol md on llie current window at iO 0>- 
rb-idO = call GKT-RADlO-BOX-ID-PROC rdireciion". SW. win) 
lypeO « call eel-radio-hox-value i panel. rb-idO): 

if there exists a radio-button B upon SW such thai (the id of B - -function") ihen 
rb-.d2 - call GET-RAl)l().BOX-ll)-PR()C ( "function". SW. wud 
type2 " call gci-radio-box- value (panel. rb-id2) 

r ™bf BRL * f" G ET-BR-FUNCTlON.LIST.PRf)C ..vpeO. .vpe2. panel, win,: 
if rBKL exists tlwn 

creaie a panel-icxt FTl: 

TXl - capitali/e^wdsrbioResenoirs |typc0| of [BRN| that contain |tvpc21"): 
chance the text of FT 1 io TX 1 : * ' 

creaie a panel-text FT2: 
if FL exists then 

'"Ih'T f n MS - a rad j. w : hutu *' P, "F™ SW such that (the id of B - "subunits" or the id of B - doma.n* or 
the id of B * motifs or the id ol B - "croups")) then 

' r ETL - S" " SkTOli "" :X, " liSI EL * uch lha " 1 ,,hc labtfl of EL ■ "I PNMtvpe0)-ltvpe2]-ETL-) then 
else 

create a c-scroll-tcxi-list ETL: 

conclude that the label of ETL = "lPN]-|t\pe0)-|iype2|-ETL": 

conclude that ETL is a-list-associaied-tivdlg panel: 

transfer ETL to the subworkspace of safe-home-fof-li.sts at (50.-245); 

TX2 « capitalize- words i"liypc2 1 with structures defined in this module that are ItvpeOI of I BRN1") 
for Tl ■ each text in l-L do 1 
iivsen T 1 at the end of the text list ETL: 

call eREATE lXlUBLE UUERY.OUTPUT.PANKL.PROC cFBRL. ETL. FTl. ET2. nu«H. 
delete md: ' 

returr. 
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TABLE 146 



GET-BR-FUNCTION-LIST-PROC Uype2: symbol. type 3: symbol, panel: 

class .query-panel, win : class window) = (class scroll-text-Jist. class scroll-iext-lisu 

PN: symbol = the name of panel: 
BRN: symbol = the "elated-item of panel: 
if type 2 is downstream then 
cascUype3) of 
extracellular-factors: 

lbl = "[PN|-DEFL-[BRNr: 

Iblbr = "[PN]-DEFBRL-|BRN]": 
cell-receptors: 

lbl = "[PNI-DCRL-|BRNl": 

Iblbr = "IPN]-DCRBRL-|BRNJ": 
protein-kinases: 

lbl = "(PN)-DPKL-|BRN]". 

Iblbr = "(PN)-DPKBRL-[BRNJ": 
protein-pbospliatases: 

lhl = "[PN|-DPPL-[BRNn 

Iblbr = "[PN]-DPPBRL-[BRN]": 
transcription-factors: 

lhl= "[PN]-DTFL-|BRN|": 

Iblbr = "[PN]-DTFBRL-|BRN]": 
ccnes: 

lbl = "fPNl-DGL-|BRNl": 

Iblbr = "[PN)-DGBRL-IBRN|": 
anv-protein: 

lbl = "lPN]-DAPL-(BRN]": 

Iblbr = "[PN|-DAPBRL-|BRN|": 
no-function-selection: 

lbl = "lPN]-DNL-(BRNF: 

Iblbr = "|PN]-DNBRL-|BRN]": else 
if iync2 is upstream then 
ease <type3) of 
exiracellular-faaors: 

lbl = "[PNl-UEFL-[BRNr: 

Iblbr = "(PNJ-UEFBRL-IBRNI": 
cell-receptors: 

lbl = "[PNI-UCRL-[BRN]": 

Iblbr = "|PN)-UCRBRL-|BRN1": 
protein-kinases: 

IN = "|PN|-UPKL-|BRN1": 

Iblbr » "[PN1-UPKBRL-IBRN]-: 
proicin-phospftaiases: 

INs-IPNl-UPPL-IBRNI": 

Iblbr = IPNl-UPPBRL-lBRN]"; 
transcription-factors: 

Ibl = "[PN]-UTFL-[BRN]": 

Iblbr = -1PN1-UTFBRL-IBRN]": 
cenes: 

lbl = "tPN]-UGL-fBRN]": 
Iblbr = "[PNJ-UGBRL-IBRN]": 
anv-protein: 

lbl = "[PN]-UAPL-[BRNr: 
Iblbr = "(PN)-UAPBRL-I BRN]": 
no- function-selection: 

lbl='[PN]-UNL-|BRNr: 
Iblbr = "IPN)-UNBRL-[BRN]": 
if there exists a c-scroll-icxr-list FL such that <Uic label of FL = Ibl i then 

move FL to (-110. -280): 
if there exists a c-scroll-tcxt-list FBRL such dial (the label of FBRL = Iblbr) then 

inove FLtot-30. -2S0) : 
return FL. FBRL. 
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TABLE 147 

£"f, R V BR ' S ™"^^ FL: class scroll-.ext-lis, 

pane : class query-panel, win : class window > - (class scroll-iexi-list text) 

PN: symbol c the name of panel: 

SW: class kb-workspace - the subworkspacc of panel - 

if .here exists a radio-buiion B upon SW such that ( the id of B - "subunits") then 

iype3. PSA - call FWD-SPECiFIC-ARRAY-PROC ("subunits^ ?p™i winT 
if there exists a radio-buiion B upon SW such thai (the id of B - ••subunits- , >") then 

iype4. PSA-2 - call FIND-SPECIFIC-ARRAY-PROC ("subunits-2" panel. !S: 
if tticre exists a radio-button B upon SW such that (the id of B - ■domains") then 

•jjpeS. PDA - call FIND-SPECIFIC-ARRAY-PROC ("domains ? °p™e? wiK 
il there exists, a radio-button B upon SW such that (the id of B = "dornaias-->") then 

ivpeo. PDA-2 - call FIND-SPECIFIC-ARRAY-PROC ("domaiS™. pan^l! S): 
if there exists a radw-bution B upon SW such that (the id of B = "moufs-) then 

type?. PM A - call FWD-SPECIF1C- ARRAY-PROC ("motifs-.^nel. wlnl" 
if there exists a radio-button B upon SW such that (the id of B ■ "motifs-^ ) then 

types. PMA-2 - call FIND-SPECIFIC-ARRAY-PROC. • motifs-2-. panel win): 

. ^ a rad,l !:^««n B upon SW such that ( the id of B - "croups") then 

type*. PGA - call FrND-SPEdlFlC-ARRAY-PROCf-croups-Zpanel. winT 
if tlxfre exists a radio-button B upon SW such thai (ihe id of B - "croups-2-) then 
if PSA Sen' FIN ^ EC1F1 C-ARRAY-PROC ( W^" panel Tin): 
if PSA-2 exists then 

'^at!^ 1 *' 0511 " 1 " 1 ETL SUCh llUl " htf UbCi °'" ETL " " f p NI-I.>TcOH«y P e2|-|« > pe3|-|, >1 v4|.F.TL "i then 
else 

ET .V 1X2 Z ?" M E . RGE - BR - FU NCTION-STRUCTURE-STRUCrURE-PROC (the svmbol subumt 
^ the symbol subunit. iype«. type2. type.1. type4. FL. PSA. PSA-2. panel, win): 

"polo r£^lu^ >,1 " tfM * ,iS, CTL SUCh ,ha ' MhC ,abel ° , ETL " •|PNl-l'>P-<>l-[«ype2J-|,ype3 ) .ETL-) then 
else 

^ FlJ PS A* p*JJ e ^ ERG f"' BR " F ^^' < - 1 ^ , '^RUCTURE-PR( KT (,he symbol subunit. typeO. ,ype2. type... 

else 

if PDA exists then 
if PDA-2 exists then 

thcn >iliKK CXU,S a c -^«»l-««t-lis. ETL such that <the label of ETL - "IPNl-l.ypeOHt^l-ltjpe.SH.vp^l-ETL". 

uo to final-routine 
else 

^^r^i 1 MERCF ^ R - FL ^CTI°N-STRUCTURE.STRUCTURE-PROC (the svmbol domain 
else lype2 ' 1>PC - ' l>ptfh - FL PUA - FDA " P"* 1 - win > ' 

if PMA exists ilien 

ETL SUCh ,hat ' h M « "L = "I PN |-|«ype5H«ype7|-ETL") then 

if PGA exists then 

"iSES nu™"' M " ETL S " Ch *" ,,hC labcl ° f ^ " "IPNH'yP^H^Htype.SHtypeyi-FTL- ) then 
else 

ET ?T 7X2 *"''A'ERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC fine svmbol domam 
^ the symbol group. typeO. type2. type5. type* FL. PDA. PGA. panel, win) ' 

^ WCh " ,at f,he tabCl ° f ETL = "" >N H'>TcOH.ype2|-|.ype5|-ETL") then 

else 

E VpUa" ^; E «G E - BR -^CTIf )N-STRUCTURE-PROC (the symbol domain, typed. ,ype2. iv P e5. 

else 

if PMA exists then 
if PMA-2 exisis then 

^SSSHS "' leX, '' iS ' ETL ^ ,hal " ,W ,abC ' ° f ETL = "IPN|-|,v P eOH«> T c2].| l>7 H:7].| l> peS|.HTL- » .ha. 
efse 

HT ,h J^nZf 1 N ' ERGE ; 1 BR F V NCT L" N STR L V C TURF,STRUCTURE-PR<)C ulw svmbol mom 
.he .-.ymbol mom. ivpcO. lypel type/. ivpeX. FL. PMA. PMA-2. panel, win) 
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TABLE 147 coin. 

else 

if there exists a scroll-text-lisi ETI. such that < the label of ETL - "|PN| |typeO|-|type2|-|typo7|-ETL ') then 
co to final-routine 
else 

it PGA exists then 

it there exists a scroll-icxt-list ETL such that (the label of ETL = "|PN} |tyr«0|-|r\'r^2]-[t\ pc7|-|iype*>)-ETl.' ') then 
so to final-routine 
else 

ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the svmbol motif, 
the symbol croup. typeO. typo2. type7. types). Fl.. PMA. PGA. panel, win) 

else 

if there exists a scroll-text-lisi ETL such that (the label of ETL = "[PN|-ltypeO|-|type21-ETL") then 
so to final-routine 
else 

ETL. TX2 = call MERGE-BR FUNCTION-STRUCTURE-PRf )C (the svmbol motif. ivpcO. tvpe2. tvpeT. 
FL. PMA. panel. »ini; 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a stroll-text-list ETI. such that (the label of ETL = ' |P^-|ty[v<)|-lr\rKO] [r\pe9]-(iypelO|-E'n.' > then 
co to final-routine 
else 

ETL. TX2 = call MERGF.-BR-FUNCTK^N-STRUCTURE-STRUCTURE PROC (the svmhol croup. 
Hie symbol croup. tvpeO. tvpe2. tvpoSi. tvpelO. FL. PGA. PGA-2. panel. win) 

else 

if there exists a scroll-text-list ETI. such that (the label of ETL = "|PNl-|iype()|-liype2| |iypey|-ETL' i then 

co to final-routine 
else 

ETL. TX2 = call MERGE-BR-FUNCTION-STRUCTURE-PROC (the symbol croup. typeO. iype2. ivpoV. 
FL. PGA. panel, win): 
return ETl_ TX2: 
final-routine: 
return ETl_ TX2. 



TABLE I4R 



MERGE-BR-FUNCTION-STRUCTl'RK PkOC (tag!: symbol. typeO: symbol. type2: symbol. type J : symbol. 
FL: class scroll-text -list. (JA: class query-array, panel: class ijucrv-panel. win : class window I = 
(class scroJI-tc.xt-lisL text) 

PN: symbol = the name of panel: 

BRN: symbol = the relateU-item of panel. 

it there exists a scroll-texi-lisi KTl. such that ithe label of ETL = "|PN|-|iypcO| |r>pe2|-|type.1|-KTl.' i then 

co to exit-routine 
oisc 

create a scroll-text-lisi ETI.: 

conclude that the label of ETI. = | PN|-|typef»l-|iype:|-|iype3|-ETL' : 
conclud e tha t ETL is a-list-associaicd-to-dlc panel, 
transfer ETI. to the subworkspace of safe-home-for- lists at (50. -245): 
TX2 = the scroll-title of ETL: 
if the number of elements in Fl. » 0 then 
TX2 = capitalize-words ("There are no structures defined in this modulo of |type2] that are | typeO| of | BRN |" i . 

else 

call BR F1LL-ETL LIST-PROC (FL. QA. ETL. panel, win): 
if (he number of elements in ETL >s 0 then 

TX2 = capitalize-words I ltvpe2| thai are |tvpeO| of |BRN| and contain |tvpe*]"i: 
else 

if die number of elements in ETL = 0 then 
if typc3 = symbol ("no-|tael | -selection") then 

TX2 = capitalize-words V ltvpc2| with structures defined in this module that are |tvpe(J| of (BRN| "> 
else 

TX2 = capitalize-words ( | ty pe2 J with structures defined in this module that are | rypeO| of | BRN |. None 
of those contain [type?]" >. 
for Tl s each text in FL do 
lasert Tl at the end of the text list ETL: 
return ETL. TX2: 
exit-routine: 
TX2 = the scToll-tiile of ETL: 
return ETL. TX2. 
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TABLE 14" 



MERGE.BR-FUNCT(W^ 

symbol. iype4: symbol, type.v symbol. FL: class scroll-iexi-iist. UQA: class qucn-W. MOA:' class ti'uerv-arru 

panel: class query-panel, win : class window) = (class scroll-iext-lLsi. text) ' 1 

PN: symbol = ihe name of panel: 

BRN: symbol = symbol (ihe related-item of panel): 

^^SmwSS 1 ' leX, * 1,St ETL SUCh <Ulc label ol ETL = "(PN]-|iypeK)I-liype2|-|cypc4|-(iyptf5].ETL ) Uien 
else 

create a scroll-texi-list ETL: 

conclude thai the label of ETL = lPNM-|typeO|Mi\Tv2)-[ivpe4]-(tvpe5|-ETL- • 

conclude lhat ETL is a-list-asstviaied-KwIle panel': 

iransfer ETL 10 ihe subvvorkspace of safe-home-for-lisis ai <*0 -24M- 

TX2 e Oie scroll-title of ETL: 

if the number of elements in FL = 0 theji 

else^ 2 = cap,lal ' 2,MvorJs rTher,; a« »° structures defined in this module of |typc2| that are (typed] of [BRN|" i 

if the array-length of DQA = 0 then 
if the array-length of MQA « 0 then 
if type.Sa symbol ("no-[tac2]-selection") then 
TX2 = capitalize-words r|type2] with structures defined in this module that are ItvpeOI of IBRNl 
None ol those contain |type4J ") • 1 1 1 

else 

if typc4 = symbol ( "no-|tacl ]-seIcctioif) then 
TX2 = capitalize-words r|type2| with structures defined in this module that are ItvpeOI of IBRNl 
None ol ihose contain |iype5]") 

else 

if tvpe.s = symbol ( uo-|iav!2|-.seleciion") and type4 = svmbol I' no-ttacl 1-selection") then 

e|s ^~ = ca P llal,M * w ^* < l'>T«2 1 with structures defined in this module that are |iypeO| of | BRN |" i 

TX2 = capitalize-words r|type21 with structures defined in this mtxlule that are ItvpeOI of IBRNl 
None ol those contain |typc4| or |t\pe5)"): ' ' 1 

lor Tl = each text in FL do 
insert Tl at the end of the text list ETL: 

else 

if type4 = symbol ( "no-|tacl |-seleciion") then 

TX2 = capitalize-words i"|iype2| with structures defined in this mtxlule th:a are ItvpeOI of IBRNl and 
contain lt\pe> | ) 1 '* ' 1 ' u 

else 

TX2 = capitalize-words ( "[typc2| with structures defined in this nuxlule that are ItvpeOI ol IBRNl ami 
contain I type? |. None of those contain |tvpe4|"): 1 
call BR-FILL-ETL-L1ST-PROC (FL. MQA. ETL. panel, winl 

else 

if the array-lencih of MQA = 0 then 
''Jv^ = svn *°l <''H>-|iay21-seleciion") then 

amff Wllh s,rl,c,u^c • , dcfi,h:d 11 lnis n**luk' that are |type()| oi IBRNl and 

else 

TX2 = capitalize-words ("|iype2| with structures defined in this mtxlule that are ItvpeOI ol IBRNl uid 

contain ftypc4|. None of those contain |tvpe< |" i: ■' 111 

call B R-FILL-ETL-LIST-PROC f FL. DQA. ETL. panel, win): 
else 

TX2 = capitalize-words ("Itype2| with structures defined in this mtxlule that are ItvpeOI of IBRNl and 
contain ltvpe4| and |ivpe5|"): ' 
call B^ILL-LH)UBLE-ETL-L1ST-PR()C (FL. DQA. MQA. ETL. panel, win) 
return ETL TX2. ' 
exii-nxiune: 

7X2 = the scroll-title of ETL: 
return ETL. TX2: 



TABLE 150 



u the number of elements in FL >= I) and the arrav-lencth of QA >= 0 then 
lor T = each text in FL do 
for AE = each symbol in QA do 
if T = "| AE|" men insert T at the end of the text list ETL: 
return 
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TABLE 151 



BR-FILL-DOUBLE-ETL-L1ST-PROC (FL: class scroll-texi-lisi. DQA: class querv-arrav. 
MQA: class query-array. ETL: class scroll-texi-lisi. panel: class querv-panel. win :' class window) 
lor T = each text in FL do 
for DAE - each svmbol in DQA do 
if T = "| DAE]" then 
for MAE = each svmhol in MQA do 
if T = "[MAEf'dien 
insert T at die end of the text list ETL: 

return 



TABLE 152 



CREATE-D()UBLE-QUERY-()UTPUT-PANEL-PR()C (BRL: class scroll-lext-list. 
ETL.class scroll-text-list. FT I : class frcc-texi. FT2: class free-text, die: class querv-panel. 
win : class window) 

J-id: texi= the id of die: 
create a query-panel panel by cloning MASTER-MOLECULAR-QUERY-OUTPUT- PANEL: 
trans! cr panel to the suhworkspace ol dialog-bin at (0.0): 
SW = the suhworkspace of panel: 
uid = call unique-id (d-id): 
change the text of the id of panel to uid: 
transfer FTI toSW at (0. 1 10): 
transfer FT2 to SW at (0. - ISO): 
make panel permanent: 

sal = call crcate-scroll-area-from-list ("querv-BR-seroH". A. BRL): 
call C-COMPLETE-BR-PANEL-PROC (sal. panel, win): 
sa2 = call create-scroll-area-from-lisi ("querv-BR-scroU". 6. ETL): 
call C-COMPLETE- BE- PANEL- PR< )C <sa2. panel, win): 
change die si/e of die suhworkspace of panel to minimum: 

sltow die suhworkspace of dig widi its top right corner 40 units below the top richt corner of the screen: 
show the suhworkspace of p:inel on win w iih its center 300 units to the left of the center of the screen 
return : 



COMPLETE-BE-PANEL-PROC <sa: class scroll-area, panel: class querv-panel. win : class window) 
de: class uil-hutton: 

conclude that the allow-unselect-on-selecied-message of sa is true: 

conclude that die allow-multiple-simultaiK'ous-seleclions of sa is true: 

call add-grohj-io-dtalogt panel, sa. 0. -320): 

call scroll-area-rcflect (sa): 

call sei-atuihute(SA. the symbol messagc-sclection-meUiod. the symbol query-message-selection): 
call sci-aitrihute(SA. the symbol iiH-ssagc-unsclcciion-mcihod. the svmbol querv-messaee-unse lection c 
de = call create-pushhuiton ("de". the symbol text, die svmbol DELETE-QUERY-PAN EL-CALLBACK 

the symbol medium. "DELETE"): 
call add-grobj-io-dialogi panel, de. 0. -440): 
return: 



COMPLETE-BR-PANEL-PROC (sa: class scroll-area. panel: class query-panel, win : class window) 
conclude that the allow-unselect-on-selected-message of sa is true: 
conclude that the allow-multiple-simultaneous-seleciions of sa is true: 
call uil-add-grohj-io-dialoctpancl. sa. 0. -30): 
call uil-scroll-area-rellect isa): 

call uil-set-aitribuie(SA. the symbol message-selection-mcdttHi. the svmhol qucrv-messa'je-seleciioni: 
call uil-set-attrihuie(SA. the symbol nK'ssage-unselection-mcdKHJ. die symbol 

qucry-rncssage-unsclcction i: 
change die text of the ordering-mcthod of sa to "alphabetic": 
return: 
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TABLE 156 



( )UERY-BR-RELATED-L( KZATION-CALLBACK (button: class bu'tii)',U «Tn":7l« window! paiicl: Ulas7 u^rvVpanel" 
BRN: symbol « symbol (the related-item of panel): H .»•»"-'■ 

PN: symbol ■ ihc name of panel: 
SW: class workspace ■ the suhworkspace of panel: 

" ^iV^^^i scToll-iexi-lisi L such thai (ihe label of L - "!PN]-DPKL-[BRN]" or ihe label of L = 
[PN|-UPKL-|BRN)" 1) then 

create a niessaao-dialoc nxtset the text of the message upon Ihe SW of md lo "Required information is not available 

Click on Downstream or Upstream and try to query again" and show ihc S W of md on the current window 
else 

create a niessace-dialoc md. set the text of the messace upon the SW of md to "Processine ... " and 
show the SW of md on the current window: ~ ~ ' 

create a panel-text FTl: 

create a panel-text FT2: 

if not i there exists a radio-button B upon SW such that i the id of B = "subuniis" or the id of B = •domains" or 
the id ol B = " motifs'* or tlie id of B = "croups")) then 

BRL. ETL. TX1.TX2 > call MERGE-LOCATK)N-FUNCTION-ONLY-PR()C (panel, win) 
else ' 

typeO. typel. typc2. LL. FL. BRL.TXI =call MERGELOCaTIONFUNCTION-PROC (panel w.m 
it ihere exisu a radio-button B 1 upon SW such that fihe id of B 1 - "location") and there exists a uil-radio-buiton B 
upon SW such that the id of B2 = "function") Ihen 
PETL o call MERGF.-LL-FL-PROC ttvpcl.iv P c2. LL FL panel.wim 

E ItvT X2 " Ca " y UERY BR -LOCATI()N-F0NCTIC)V-STRUCTURE LISTS-PRf)C f ivpd). tvpe 1 tvpe^ 
PhTL. panel, win) * 1 "' 

else 

if there exists u radio-button B upon SW such that tine id of B » "location ) then 

el2" L = * M gUKRY " BR - L()CATlON - STRIJ CTURE.LISTS-PR()C (typeO. type!. LL panel. w,n, 

if there exists a radio-button B upon SW such that (the id of B ■ "function") then 
cha,f^ ^2. FL. panel, win): 

chance the text of FT2 to ■|TX2'": 

call CREATE-DOUBLE-gUERY-()UTPUT-PANEL-PR()CiBRL. ETL. FTl. FT2. panel win) 
aelete md: 1 

rcium: 



TABLE 15- 



MERGF.-U )CATI()N-FUNCTION-( >NLY-PROC .panel: class querv-paneL win : class' wh'idowi = 

(class scroll-text-list, class scroll-iext-lisi. text. lexO 

BRN. symbol » symbol (the related-item of panel): 

PN: symbol ■ the name of panel: 

SW: class kb-workspacc = the suhworkspace of panel: 

if there exists a c-scroll-toxt-list ETL such that (ihe label of ETL = "| PN |-ETL-|BRNp then 
tor ETL = each scroll-tcxt-list do 
if the label of ETL = "| PN|-ETL-|BRN|" then delete ETL: 
create a scroll-iext-lisi ETL: 

conclude that the label of ETL = "|PN1-F.TL-'BRN|": 

conclude that ETL is a-list-assoeiatcd-to-dlg panel: 

transfer ETL to the suhworkspace of safc-homc-for-lisis at t V) •" 1 4S| 

rb-idO = eall GET-RADIO-BOX-IO-PROC ("direcuon . SW. win):" 

typeO * call uil-cet-radio-hox-value (panel. rb-idO) 

rb-idl -call GET-RADIO-BOX-IU-PROC ("location-. SW. wim: 

typel ■ call uil-ttet-radio-box-valuctpanel. rb-idl): 

LL LBRL ecail GETBR-LOCATION-LISTPROC itvpcO. tvpe 1. panel win) 
rb-id2 = call GET-RAUIO-BOX-ll)-PROC ("function". SW. win): 
type2 = call uil-cet-radio-hox-value (panel. rb-id2): 

FL FBRL » call GET-BR-FUNCTION-LIST-PROC ttypeU. tspe2. panel, wim: 
inhere exisu a scroll-tcxt-list BRL such that (the label of BRL = "| PN|-BRL-|BKN|") then 
for BRL ■ each c-scroll-texi-lisi do 
if the label of BRL « "[PN|-BRL-|BRN]" ihen delete BRL: 
create a scroll-iexi-hst BRL: 

conclude thai the label of BRL » "[PN1-BRL-|BRN|": 

conclude Out BRL is a-list-associated-to-dlc panel: . 

transfer BRL to ihe suhworkspace of safo-honie-for- lists at ( H*» <"m 

TX1 « call MERGE-BRL-FUNCTION-LOCATION-PROC uvpeU. tvpe I. tvpe2. LBRL. FBRL. BRL panel w,„. 
TX2 = call MF.RGF.-ETL-FUNCTI()N.L(X:aTI()N-()NLY-PR()C t.Vpct). .Vpol. tvpe2. LL FL FTL Ea el' , 
reiumBRL. ETL.TX1.TX2: •' r.iu.panu. 

enc 
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TABLE 158 

MERGE-LL-FL-PROC (LL: class c-scroll-text-list. FL: class seroll-text-iisi. 

panel: class query-panel, win : class window) = (class scroll-iex(-list) 
PN: symbol « (lie name of panel: 
BRN: symbol = symbol (the related-item of panel): 

if there exists a c-scroll-iext-lisi PETL such that (trie label of PETL = 'IPN1-PETL-I 

for PETL = each c-scroll-iext-list do 
if the label of PETL = "IPNI-PETL-IBRN]" then delete PETL- 
create a c-scroll-text-list PETL: 
conclude thai the label of PETL = "[PN]-PETL-[BRN1": 
{conclude that PETL is a-Iist-associaied-to-dle panel:} 
transfer PETL to the subworkspace of safe-home-lor-lisis at (50. -245): 
i or TF = each text in FL do 

for TL = each text in LL do 

if TF = TL then insert TF at the end of the text list PETL: 
return PETL: 



TABLE 159 



GET-BR-LCXTATION-LIST-PROC (typeO: symbol, typel: svmbol. panel: class 
query-panel, win : class window) = (class scroll-text-list, class scroll-text-lisi) 
PN = the name of panel: 
BRN = the related-item of panel: 
if typed is downstream then 
case uypeli of 
extracellular: 

lbl = "|PN|-DECL-[BRN]"; 
cell-membrane: 

lbl = "|PN|-DCML-|BRN|" 
cvtosol: 

' lbl = -|PN|-DCYL-|BRN|"; 
nucleus: 

1M--|PN|-DNUL-[BRN|" 
c-reticulum: 

lbl = "|PN|-DERL-|BRN]": 
colct: 

rbl = "|PN|-DGOL-|BRN|" 
endosomcs: 

lbl = "[PN|-DENL-|BRN|": 
no-location-selection : 

lbl = "[PN]-DNL-|BRNT: 

else 

if typeO is upstream then 
case (typel i of 
extracellular: 

lbl = "|PN]-UECL-|BRM": 
cell-membrane: 

lbl = "lPN|-UCML-|BRN|" 
cmosoI: 

' lbl = "|PNl-UCYL-[BRN'l"; 
nucleus: 

lbl = "IPN1-LTMUL-IBRN1" 
e-rcticulum: 

lbl = "[PN|-UERL-[BRN|-; 
colci: 

IN = [PN]-UGOL-[BRN] 
endosomes: 

lbl = "(PNJ-UENL-IBRN]"; 
no-location-selection : 

lbl - "IPNI-UNL-IBRN]": lblbr= *'|PN|-LNBRL-|BRN]": 
u there exists a scroll-iext-list LL such that (the label of LL = IN > then move LL to (- 1 10 -■'SO) 
.1 there ; exists a scroll-iext-list LBRLsucli that (the label of LBRL = Iblbn then move LBRL t.. i-V) Mh 
return LL. LBRL: 



lblbr = "IPN)-DECBRL-|BRNJ": 
Iblbr = "lPNj-DCMBRL-[BRN]": 
lblbr = "|PN|-DCYBRL-|BRN]-; 
Iblbr = |PN|-DNUBRL-|BRN|": 
Iblbr = "(PN)-DERBRL-|BRN]~: 
Iblbr = "IPN)-DGf)BRL-(BRNl": 
Iblbr = "IPNI-DENBRL-IBRN)": 
Iblbr = " | PN |- DN BR L-( B RN ] " : 

Iblbr = "|PN|-UECBRL-|BRNI": 
Iblbr = '[PNl-UCMBRL-IBRN]": 
Iblbr = "[PNI-UCYBRL-IBRN]"; 
Iblbr = "[PNI-yNUBRL-lBRNl": 
Iblbr = IPNl-UERBRL-IBRNI"; 
Iblbr = "|PN|-UGOBRL-|BRN] ": 
Iblbr = "1PN]-UENBRL-|BRN]": 
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TABLE 160 



MERGE-.BRL-FUNCTION-LOCATION-PROC uypcO: symbol, typel: symbol. 
iypc2: symbol. LBRL: class scroll-text-list. FBRL: class scroll-iexi-iist. ETL: class 
scroll-text-list. panel: class query-panel, win : class window) = (text) 

BRN: symbol = symbol (the rclaied-iiem of panel): 

if the number of elements in FBRL = 0 and ihc number of elemcms in LBRL = 0 
then 

i f 1>T C - = lnc symbol no-funciion-sclcciion then 
TX2 = capitalize-words ("tlicrc arc no bioRcscrvoirs 
[iypeO| of 
|BRN) 

and located in the [type I ]") 
else 

if typcl = the symbol no-lix-ation-selection then 
TX2 = capitalize-words ("There are no bioRcscrvoirs 
ol |lypc2| |tvpeO| of 
|BRN| 

and located in the | typcl]") 
else 

if the number of elements in FBRL = 0 and die number of elements in LBRL >= 0 
then 

if iypc2 = the symbol no- function- selection then 
TX2 = capiialize-words ("bioReservoirs liypcOl of 

|BRNj 

and located in liic | typcl I") 
else 

TX2 = capitalize-words ("bioRcscrvoirs [lypdM of 

|BRN] 

and hx-atcd in the [typcl]- 
None arc |tvpc2|"): 

lor TL = each text in LBRL do 
insert TL at the end of the text list ETL: 
else 

il" the number of elements in FBRL >= 0 and the number of elements in LBRL = 0 
then 

if type 1 = the symbol no-location-sclcction then 
TX2 = capitalize-words ("bioReservoirs of |typc2| |typcO| of 
| BRN |") 
else 

TX2 = capiialize-words ("bioRcscrvoirs of ltvpc2) ltypcO| of 
IBRN1 

None of those are located in the {typel]"): 
for TF = each text in FBRL do 
insert TF at the end of the text list ETL: 
else 

if the number of elements in FBRL >= 0 and the number of elements in LBRL >= 0 
then 

TX2 = capitalize-words ("bioReservoirs ofliypc2| h>T>cO) of 
1BRNJ 

and located i n the | type 1 1" ) : 

for TF = each text in FBRL do 
ft >r TL = each text in LBRL do 
ifTF = TL then 

insert TF at the end of the text list ETL: 
return TX2: 



I7f 



WO 96/22575 



PCT/IJS96/00883 



TABLE 161 

MERGF.-ETL-FUNCTION-LOCATIO^ 

iVMI i *' ClaSS c " scroll " lcx '" lis '- ETL: class «-ToH-icx(-list. pancll class query-panel, win : class window. = 

BRN: symbol = symbol (the related-item of panel): 
if the number of elements in FL » O and ihc number of elements in LL ■ 0 
(hen 

if typc2 ■ ihe symbol no-function-seleciion then 

TX2 = capitalize-words ("there are no entities with structures defined in this module that 
are [iypcO| of |BRN|and located in the [type 1 )") 

else 

if type! a the symbol no-location-selcciion then 

TX2 ■ capitalize-words ("There are no |type2 j with structures defined in this module of 

that arc ltypeO| of (BRNH 
end else 

if the nuntber of elements in FL » 0 and Hie number of elements in LL >-<) 
then ■ 

if ivpe2 = the symbol mvfunciicn-sclcction then 

TX2 = capitalize-words f Entities with structures defined in this module that are ItvpoOl of I BRN 1 
and located in the [tvpel )") 

else 

TX2 - capitalize- words ( "Entities with structures defined in this module that are ItvpeOl of I BRN' I 
and located in tlwlt>pel|. None are |t\-pe2|"): ' 
lor TL m each text in LL do 
insert TL at the end of the text list ETL: 
else 

if the nuntber of elements in FL >= t) and the number of elements in LL =0 then 
tfjypc' = the symbol no-location-sclcciion tlten 

else * capi,alizc " words ' I'M^'-I wi,n s'nwtures defined in this module that are (iypeO| |BRN| 

TX2 - capitalize-words t "|typc2| with structures defined in this module that are ItvpeOl of IBRNI 

None onhose are located in the |tvpc 11"): 
for TF m each text in FL do 

insert TF at Hie end of the text list ETL: 
else 

if the number of elements in FL>- 0 and the nuntber of elements in LL>* () then 

TX2 =capitali/e-words t"|type2| with structures defined in this module thai are ItvpeOl of I BRN] 
ami located in the [typel)"): 1 1 1 

for TF « each text in FL do 
for TL ■ each text in LL do 
if TF * TL then 

insert TF at ihe end of the text list KTL: 
return TX2: 



TABLE 162 

MERGE-LOCATION-^ 

class scroll-text-list. class scroll-text-list. class scroll-text -list, text) • 

BRN: symbol - symbol nhc related-item of panel): 

PN: symbol * the name of panel: 

SW : class kb-workspacc ■ the subwork space of panel: 

rb-idO« call GET-RADIO-BOX-IU-PROC iMircctkw". SW. win) 

ivpeO* call uil-cci-radio-box-value I panel. rb-idO): 

rb-idl - call GET-RADIO-BOX1D-PROC ("location ". SW. win): 

type I ■ call uil-ect-radio-hox-value (panel, rb-idl): 

LL, LBRL - call GET-BR-L<)CATK>N-LIST-PR(>C (tvpeO. tvpel. panel, win) 
rb-id2 = call GETRADIO-BOX-!D-PR<JC ( "function ". SW. w : ini: 
iyne2 = call uil-cei-radio-hox-value (panel. rb-id2): 

FL. FBRL-cafl G ET- B R - FUNCT ION • L i ST- PR < )C itvncO. ivpc2. panel, win) 
n there exists a scroll-text-list BRL such that tthc label of BRL = "IPNl-BRL-IBRNI ") then 
for BRL - each scroll-text-list do 
if the label of BRL - "|PN|-BRL-|BRN|" then delete BRL: 
create a scroll-text-list BRL: 

conclude that the label of BRL - "|PN|-BRL-|BRN]~: 

conclude that BRL is a-list-assoeiatcd-to-dlc panel: 

transfer BRL to (he subworkspacc of safc-homc-for-lisis at ( •">3^y 

J^^My^^ LBRL - ^ BKL - — ™ 
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TABLE 163 



gUF.RY-BR-LOCATK)N-STRUCTURK-L]STS-PR(X: (typeO: symbol, type I : symbol. 
" PETL: class scroll-text-list. panel: class query-panel, win : class window) = i class scroll-text list, text) 
PN: symbol = the name of panel: 
SW: class kb-workspace = the subworkspaee of panel, 
if there exists a radio-button B upon SW such thai (the id of B = "subunits" I then 
tvpc.v PSA = call FIND-SPECIFIC-ARR AY-PR OC ("subuniis". panel, winr. 
if there exists a radio-button B upon SW such that (the id of B = "subunits-2") then 
tvpe4. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC ("subunits-:". panel. w>n); 
il there exists a radio-button B upon SW such that I the id of B = "domains ) then 
typc5. PDA = call FIND-SPECIF1C-ARRAY-PROC {"domains", panel, win): 
il there exists a radio-button B upon SW such thai uhe id of B = "domains--") then 
typefi. PDA-2 = call FIND-SPECIFIC- ARRAY-PROC {"domains-2 ". panel, win): 
if (here exists a radio-button B upon SW such thai (the id of B ■ "motifs" ) then 
type7: PMA ■ call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win): 
if there exists a radio-button B upon SW such that ( the id of B = "moiifs-2") then 
typc8. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC f "motifs-2". panel, win), 
if there exists a radio-button B upon SW such that (the id of B ■ l-= "croups" I then 
types*. PGA = call FIND-SPECIFIC-ARRAY-PROC ("groups", panel, win): 
if there exists a radio-button B upon SW such that (the id of B = "croups-2"l then 

type 10. PGA- 2 = call FIND-SPECIFIC-ARRAY-PROC ("groups-:", panel, win): 
if PSA exists then 
il" PSA-2 exists then 

it there exists a scroll-tcxt-lisi F.TL such that uhe label of ETL = "|PN)-|type<)|-|typel |-ltype.*l-|iype4|-ETL" ) then 

eo to final-routine 
else 

ETL. TX2 =call MERGE-BR-LOCATlON-STRLKTTL'RE-STRUCTURE-PROC (the symbol subunit. 
the svmbol subunit. ivpeO. ivpel. tvpe.V tvpc4. PETL. PSA. PSA-2. panel, win): 

else 

ETL. TX2 « call MERGE-BR-LOCATION-STRUCTURE-PROC (the svmbol subunit. typeO. type I. type*. 
PETL. PSA. panel, win): 

else 

if PDA exists then 
if PDA-2 exists then 

if there exists a scroll-text-list ETL such that uhe label of ETL = "| PN|-|iypeO|-ltypel |-|type:>|-|typeM-ETL "> i»<-"" 

so to final-routine 
else 

ETL. TX2 = call MERGE-BR-LUCATION-STRUCTURE-STRI'CTURE-PROC (the symbol domain, 
(he svmbol domain. ivpeO. tvpel. tvpeS. tvpeft. PETL. PDA. PDA-2. panel, win) 

else 

if PMA exists tlwn 

if there exists a scroll-text-list ETL such that (tlie label of ETL= M |PN)-|typeO|-| type type? |-| type" |-ETL"nlwn 

•.'o to final- routine 
else 

ETL TX2 = call MERGE BR-LOCATK IN-STRL'CTURE-STRL'CTL'RF.-PROC tine svmbol domain, 
the svmbol motif. ivpeO. tvpel. tvpe5. tvpc7. PETL. PDA. PMA. panel, win) 

else 

if PGA exists then 

il there exists a scroll-text -list F.TL such that (the label of ETL = "iPN|-|typeU|-|typel |.|type5|-t«ypcy|-ETL "> then 

•jo to final- routine 
else 

ETL. TX2 =cail MERGE-BR-LOCATH)N-STRUCTURE-STRUCTURE-PR(X2 uhe symbol domain, 
the svmbol group. typeO. type I. type?. typeS>. PETL. PDA. PGA. panel, win) 
end else 

ETL. TX2 =eall MF.RGE-BR-LOCAT1' )N-STRUCTL'RE-PROC (the svmbol domain. ivpeO. tvpel. type*. 
PETL. PDA. panel, win i. 

else 

if PMA exists tlwn 
il PMA-2 exists then 

if there exists a scroll-text-list ETL such that (the label of ETL = "'|PN|-|iypcO|-|iypel |-| type / |-|typeX|- ETL" ; n K - n 

no to final-routine 
eise 

ETL. TX2 = call MERGE-BR-LOCATION-STRUCTL'RE-STRUCTURE-PROC (the symbol motif, 
the svmbol motif. typeO. typo 1 . type". ivpeK. PETL. PMA. PMA-2. panel, win 

else 
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if PGA exists then 

if there exists a scroll-iexi-lisi ETL such thai (the label of ETL = ''|PNl-|i\peO|-typelHivpc7|-|i\pey|-ETL'' ) then 
uo to tinal-routine 11 •' ' 1 

else 

RTI r TX2 I?" MF - RGE -BR.LOCATION-STRUCTURE.STRUCTURF.-PROC (the svmbol motif 
the symbol croup. typcO. type 1. type7. type*. PETL. PMA. PGA. panel, win ) 
else ' 

^ptP&T 5 a " M p GF --BR-LOCATION-STRUCTURE.PRtX: fthe svmbol mo.tf. typcU. tvpel .vpc7 
rfc I L. rMA. panel, wini: •' 

' else 

if PGA exists then 
it PGA-2 exists then 

i ^rSi^ a uS ,,, " ,CX, " a " ETLlUCh ,ha ' ( " K UbCl ° ( ETL * "• PN H , >T e °Hiy P el l-U>T«9Hi>pelOI.ETL-| then 
else 

ET !r; TX2 Z?" MERGR :? R - L{ ' CATI 9N-STRUCTURE.STRUCTURE-PRC)C fihe svmbol croup 
the symbol croup. typeO. rypel. type9. lypelO. PETL. PGA. PGA-2. panel, wini ' P 
else r 

EU PETL 2 PGA 11 N ^5 C J: n B ,! l - L< ^ AT,ON - STKU CTURE-PROC (the symbol croup, type!), typcl. type*. 

return KTL. TX2; 
final-routine: 
retunt KTL. TX2: 



TABLE 1M 

svmbol. 



mZ-- - i^n ,^ Q SS H«-*ry-array. panel: class query-panel, win : class window - - 

(wla.v> M.Toll-texi-lisi. text ) 

PN: symbol » the name of panel: 

BRN: svmbol = Hie relateil-iiem of panel: 

ii ^^^ TM ' ,tKi ' l,Sl ETL * Utfh ' ha ' ,,hB labcl of ^ - -l^l-I'vpoOI-ltvpel ]-[,ype3|-ETL "J then 



co to exit-routine 
u-lse 

create a c-scroll-text-list ETL: 



conclude Hut the label of ETL ■ "lPN|-|tvpeO)-|t\pe I |-|tvpe?]-ETL"' 
I conclude thai ETL is a-lisi-assoctated-uv-dti! panel: ) 
transfer ETL to the suhworkspacc of safe-lwme-for-lists at «V> -~>Mv 
(TX2 - the scroll-title of ETL: 1 " " " 



" ^Jlitr^^' Cl Y n *-* , L l f, in Toltr '* V^" TX2 * ^P«ali/o-vvord.s . -niore arc ,k> strucmrcs defined i.,.hi< 
module that are |typeO| oi |BR.\ | and located m the hvrv 1 1") : 
else 1 

if the array-lencth of QA « U tlien 

if tvpe3 - symbol I "iK'-|lagl |-selection") then 

TX2 - capitalize- words rEniiiies with structures defined in this module thai are ItvpoOl of I BRN'l and 
located in the | tvpe 1 1 » •' 1 1 

else 

TX2 - capitalize- words '"Entities with structures defined in this module thai are | tvpeOI of I BRN I and 
contain m me Itypel | . None of those contain ItvpeM") 111 
for T 1 « each text in PETL do ' 
insert Tl at the end of ihc text list ETL: 
else 

^"-Shi«*n , |PETL 2^ 11,31 ^ |,>1PC<,| ° f IBRN1 ^ l0Ca,Cd in ,hC |,yrcl 1 ** tonla,n l»>Tc3D: 
for S2 ■ each symbol in UA do 

if Tl ■ "|S2|" then insert Tl at tlw end of the text list ETL: 
return F.TL. TX2: 
exit-routine: 
TX2 ■ the scroll-title of ETL: 
return F.TL. TX2: 
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MERGE-BR-LC)CATI()N-STRUCTURE-STliL ! CTURE-PR()C ttael: symbol. iae2: symbol. ivpcO: svmbol. tvpel. 
symbol, type-*: symbol. typo5: symbol. PETL: class scroll-text-lisi. <JAl: 'class query-array. QA2: class'querv-arrav. 
panel: class query-panel, win : class window) = (class scroll-text-lisi. text i 
BRN: symbol = symbol (die relaied-iiem of panel): 
PN: symbol = iho name of panel: 

if there exists a c-scroll-texi-lisi ETL such lhat (the label of ETL = "|PNl-|i\peO|-|iypel |-|ivpe4)-ltvpe5|-ETL') then 
so to exit-routine 

else 

create a c-scroll-iexi-list ETL: 

conclude that the label of ETL = "[PN]-|typeO|-|typel ]-|t>pe4|-[type5)-ETL": 
conclude that ETL is a-list-associated-to-dlg panel: 
transfer ETL lo the subworkspace of safe-horne-for-lists at (50. -245): 
TX2 = the scroll-tide of ETL: 
if the array-length of QA1 = 0 then 
i f the array -length of Q A2 = ( I then 
if rype> = symbol ( "no-|iac2]-selcction ") and type4 = symbol C'no-ltacl 1-selection") then 
TX2 = capitalize-words ("Entities with structures defined in this module that are [tvpedj of (BRN) and 
located in the jtypel] ") 

else 

if «ype5 = symbol rno-(iag2t-sclection"> then 

TX2 = capitalize-words ("Entities with structures defined in this module that are ltype(l| of |BRN) and 
located in the Itype 1 1. None contain Uype4]") 

else 

if iype4 = symbol <"no-|taol 1-sclcction") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are ItvpeOl of IBRN| and 1 
located in the |iype 1 1 contain }typc5]'") 

else 

TX2 - capitalize-words ("Entities with structures defined in this module that are ItvpeO! of |BRN| and 
located in the | type 11"). 
for T = each text in PETL do 
insert T at the end of the text list ETL: 
else if the array-length of QA2 >= 0 then 
if type-* = symbol ("mvltael |-seleciion") then 

TX2 = capitalize-words ("Entities with structures defined in this module that are |tvpe0| of [BRN| and 
located in the (type 1 1 that contain liype5|" i 

else 

TX2 = capitalize-words ("Entities with structures defined in this module lhat are UypeOI of IBRNf and 

located in the [typel ) that contain [typeH None was found also containine |tvpe4r'): 
for T = each text in PETL do 
for S2 = each svmbol in (JA2 do 
il T= "IS2 1" then 

insert T at the end of the text list ETL: 
else if the array-length of QAl >= 0 then 
il the array-length of Q.\2 = (I then 
if type5 = symboK 'iu>-|iac21-.selection") then 

TX2 = capitalize-words ("Entities with structures defined in this rmxiule that are |t\-pe(l| of | BRN) :uid 
located in the lt\pe 1 1 that contain Jtype4|") 

else 

TX2 = capitalize-words < "Entities with structures defined in this module that are | typed} of |BRN| :uid 

located in the |rype 1 1 lhat contain [type4|. None was found also containine |type5|"): 
for T = each text in PETL do 
for Si = each svmbol in CJA1 do 
if T = "(Sir men 
insert T at the end of the text list ETL; 
else if the array-length of QA2 >= 0 then 

TX2 = capitalize-words ( "Entities with structures defined in this module that are |type0| of |BRN| and 

located in the I type 1 1 that contain (type-*) and |type51"i: 
lor T = each text in PETL do 
for S 1 = each svmbol in QA 1 do 
if T = "| SI)" then 
for S2 = each svmbol in QA2 do 
ifT = "|S2)" then 

insert T at the end of the text list ETL: 
return ETL. TX2: 
exit-routine: 
TX2 = the scroll-title of ETL: 
.•etuni ETL. TX2: 
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u^RY-BR-rwrno^sTRu 

panel: class query-panel, win : class window) = (class scroll-texi-iisi. wxi ) 
PN: symbol = the name of panel: 
SW: class kb-workspace = ihe suhworkspace of panel: 
if there exists a radio-buuon B upon SW such thai (the id of B - "subunits") then 

iypc3. PSA - call FIND-SPECIFIC-ARRAY-PROC ("subuniis". panel, win): 
u there exists a radio-hution B upon SW such that (the id of B = "subunits-2") then 

typc4. PSA-2 - call FIND-SPECIFIC-ARRAY-PROC ("subunits-2". panel, win): 
it there exists a radio-buuon B upon SW such that (the id of B = "domains") then 

typcS. PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win): 
u there exists a radio-button B upon SW such that (the id of B = "domains-'") then 

type6. PDA-2 = call F1ND-SPECIF1C-ARRAY-PR(X: ("domains-2 ". panel, win)- 
ii there exists a radio-button B upon SW such that (the id of B = ' motifs") then 

(ype7. PMA = call FIND-SPECIFIC-ARRAY-PROC ("motifs", panel, win): 
it there exists a radio-button B upon SW such that (the id of B = "motifs-2") then 

typeS. PMA-2 = call FIND-SPECIFIC-ARRAY-PROC ("motifs-2". panel, win)- 
ii there exists a radio-buuon B upon SW such that (the id of B = "croups") then 

type9. PGA = call FIND-SPECIFIC-ARRAY-PROC ("croups-.'panel. win): 
11 there exists a radio-buuon B upon SW such that (the id of B = "croups-2") then 

type 10. PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ("croups^, panel, win)- 
il PSA exists then " 
if PSA-2 exists then 

if there exists a c-scroll-iexi-list ETL such that (the label of ETL = "[PNHt\-peil-|tvne41-ETL") -then 
go to linal-routine ' • 1 1 

else 

ETL. TX2 = call C-N1ERCE-BR-FUNCTI()N-STRUCTL'RE-STRUCTURE-PR()r nh.- cvmhni ,h , 

symbol subunii. typeO. iype2. type3. type4. PETL. PSA. PSA-2. CTL paneL win)- * 
else 

PETL.T^.A?ETL. ^^^*^.?^^"^^"^^^^^"^^^^^^*' > RyC < the symbol subunit typeO. type2. type.V 
else 

if .PDA exists then 
if PDA-2 exists then 

' co loVmalro 51 ^" saol, " lcx, " lisl ^ sucn 13x11 lme ,abcl 0| ' = "(PNI-l«>pc- s l-|typc6|-ETL") then 
else 

ETL. TX2 = call C-MERGE-BR-FUNCTI{)N-STRUCTL'RE-STRUCTURE-PR()C (the symbol domain the 
symbol domain. typeO. type! type5. lype6. PETL. PDA. PDA-2. ETL. panel, win) 
else 

if PMA exists then 

ii there exists a c-scroll-iexi-list ETL such that (the label of ETL = "|PNl-|ivr**i-ltvrv71-ETL "i thou 
co to tinal-routine " • 1 

else 

ETL TX2 - call MERGE-B R-FUNCTK >N-STRUCTURE-STRUCTURE-PR( )C ( the svmhol domain the 
symbol mom. typeO. typc2. lype>. tyne7. PETL. PDA. PMA. ETL. panel, win) 
else r 
if PGA exists then 

if there exists a c-scroll-iexi-list ETL such that (the label of ETL = '|PN|-li>-pe5|-|ivncyi-ETL") men 
co to linal-routine ' * 

else 

ETL. TX2 = call C-NIERGE-BR-FUNCTI()N-STRUCTURE-STRUCTURE-PR(X: (the svmbol domain iho 
Sy "S2 - TOUP - lypcU ' type2 - ,ypc - * lype9 ' PETL - PDA - WJA. ETL. panel, win > J " 

PET^.™^ "»* d — ^ *TV2. «>tv5. 

else 

il PMA exists then 
ii PMA-2 exists men 

if there exists a c-scroll-iexi-list ETL such that (the label of ETL = '|PN)-li\-pe7|.[ivne8]-ETL"nlKn 
co to linal-routine 31 ' 

else 

ETL. TX2 - call C-MERGE-BR-FL'NCTK)N-STRUCTURE-STRUCTURE-PR(Xr (the svmhol mom ihe 
symbol mow. ivpeO. iype2. iype7. types. PETL. PMA. PMA-2. ETL. panei win 
else 
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it' PGA exists then 

il' there exists a c-scrolt-tcxi-list ETL such that (the label of ETL = '|PNl-lt\pe7|-|iypeyi-ETL') then 
co to final-routine 

ETL. TX2 = call C-MERGE-BR-FLTVCriON-STRUCTURE-STRUCTURE-PROC (Hie svmbol motif, 
the symbol croup. typeO. type 2. type7. type 0 . PETL. PMA. PGA. ETL. panel, win) 

else 

ETL. TX2 = Call C-MERGE-BR-FUNCnON-STRUCTURE-PROC (the svmbol motif. ypeO. ivpe2. tvpeT. 
PETL. PMA. ETL. panel, win): 

else 

if PGA exists then 
if PGA-2 exists then 

if there exists a c-scroll-iext-list ETL such that I the label of ETL = "|PN)-(iype9]-liypelOI-ETL ") then 
co to final-routine 
else 

ETL. TX2 = call C-MERGE-BR-FUNCTION-STRUCTURE-STRUCTURE-PROC (the svmbol croup, 
the symbol croup. typeO. iypc2. lypey. type 10. PETL. PGA. PGA-2. ETL. panel, wini 

else 

ETL. TX2 =Call C-MERGE-BR-FUNCTION-STRUCTURE-PROC (the svmbol croup. tvpeO. tvpc2. 
ivpe9. PETL. PGA. ETL. panel, win): .... 
return ETL. TX2: 
fmal-rouunc: 
return ETL. TX2. 



TABLE 167 



gUERY-BR-LOCATION-FUNCTN )N-STRUCTURE-LISTS-PR( )C ( lypeO: symbol, type I : symbol. type2: 
symbol. PETL: class scroll-iext-list. panel: class query-panel, win : class window) = (class seroll-iext-list. text) 
BRN: symbol = symbol (the related-item ol panel i. 
PN: symbol = the name of panel: 
S\V: class kh-workspace - the subworkspace of panel: 
it the number of elements in PETL « 0 ihen 

TX2 = capitaliie-words (There are no entities with structures defined in this module that are | typeO) of | BRN | 
and located in the [ t vpe 1 P 

else 

if there exists a radio-button B upon SW such that (the id of B = "subunit.s") then 
tvpe3. PSA = call FIND-SPECIFIC-ARRAY-PROC <" sub-units", panel, win) 
else 

if there exists a radio-button B upon SW such thai I the id of B = "suhunits-2") then 
ivpe4. PSA-2 = call FIND-SPECIFIC-ARRAY-PROC fsubunits-2' . panel, win) 
else 

if there exists a radin-huuon B upon SW such that (the id of B = "domains ') then 
ivpe.v PDA = call FIND-SPECIFIC-ARRAY-PROC ("domains", panel, win) 
else 

if there exists a radio-huuon B upon SW such thai (the id of B = "domains-2") then 
ivpeb. PDA-2 = call FIND-SPECIFIC-ARRAY-PROC rdomains-2". panel, wini 
else 

if there exists a radio-hunon B upon SW such thai (the id of B = "motifs") then 
iypc7. PMA = call FIND-SPEC1F1C-ARRAY-PR(JC ("motifs", panel, win. 
else 

u there exists a radio-button B upon SW such that i the id of B = ' motifs-2" ) then 
typcit. PMA-: = call FIND-SPECIFIC-ARRAY-PROC ("motifs- 2". panel, win): 
else 

if there exists a radio-button B upon SW such that (the id of B = "croups' ) then 
ivpeV. PGA = call FIND-SPECIFIC-ARRAY-PROC I croups ."panel, win) 
else 

if there exists a radio-button B upon SW such thai (the id of B = "croups-2") then 
type 10. PGA-2 = call FIND-SPECIFIC-ARRAY-PROC ("croups-2 . panel, wini: 
if PSA exists then 
if PSA-2 exists then 
if there exists a scroll-text-lisi ETL such thai (the label of ETL = 
•|PNl-|iyrv()l-lt>TxM |-|type2|-|type3|-liyi\-4|-ETL") then 
co to final -routine 
else 

ETL. TX2 = call MERGE-BR-L<)CATI()N^FW(ni()N-STRUCTURE-STRUCaiiE-PR(>C(ihe svmbol 
subunit. die svmbol subuim. tvpeO. tvpel. tvpe2. ivpe.v tvpe4. PETL. PSA. PSA-2. panel, wmr. 

else 

ETL.TX2 = call MERGE-BR-LOCATION-FLfNCTlON-STRUCTCRE-PROC the symbol subunn. 
itypcO. typel. typc2. type.*. PETL. PSA. panel, wini: 
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else 

if PDA exists then 
if PDA-2 exists then 
if there exists a scroll-text-list ETL such that (the label of ETL = 
"|PNl-|type()|-[typel ]-|tyrv2)-|t\pe5|-|ivpc*|-ETL"> then 
co to final-routine 
else 

ETL. TX2 - call MERGE-BR-L(CATION-FUNCTI()N-STRUCTURE-STOUCTl.iRE-PROC f the svmhol 
else S>m miUn - t>Ptf0 - lyVC ' * typel lV ** 5 - PETL PDA PDA?. panel wfn. * 

if PMA exists then 
if there exists a scroll-text-list ETL such that (the label of ETL = 

|PNl-[typeO|-|typel ]-|iype2|.|type. s )-|tvpe7|-ETL") then 
eo to tinal-rouiine 
else 

ETL. TX2 = call MERGE-BR-Lf)CATIC)N-FUNCT10N-STRUCnjRE-STRUCTURE.PRf)r (ih ( « -vmk,i 
^ domain, the symbol motif, typel). typel. typel type*, ty pe7. PETL. PDA. PMaT paiiel win i * 

if PGA exists then 
if there exists a scroll-text-list ETL such that i the label of ETL = 

|PN']-|type<)|-|type 1 l-|iype:i-|iype5|-|ivpey|-ETL") then 
so to final-routine 
else 

ETL. TX2 = call MERGE-BR-L< )CATI( )N-FL^ T CTI< )N-STRUCTURE-STRUCTURE-PR( )C ,.h . i i 
^ domain, the symbol croup. typcO. typel. ,yr*2. type*, typei PETL. ™™™5n, " 

end 
else 

if PMA exists then 
if PMA-2 exists then 
if there exists a scroll-text-list ETL such that (the label of ETL = 

IPNHiypeOHiypcl Hiyiv:|-[iype7]-[iypeX|-ETL"> then 
eo to t mal -routine 
else 

ETL. TX2 = call MERGE-BR-L( XTATK )N-FUNCTK )N-STRUCTURE-STRUCTURE-PR( )C ,,h.-™w 
dsc mm "- «»* ***** nwi "- 07*1. ,ypc2. type7. type*. PETL. PM A™M A^. paiieL w^i ) * 
if PGA exists then 
it there exists a scroll-text-list ETL such thai (the label of ETL = 

|PN|-|iype(l|-|typel |-|type2|-|ivpe71-|tvpe9|-ETL") then 
eo to linal-rouiine 
el.se 

else 

if PGA exists then 
if PGA -2 exists then 
" !£j;?:. cxisis a «-TOil-t«?xi-lisi ETL such that (the label of ETL = 
|PN)-[t>T«<»Hl>T^HMiype2|-|typey|-ltvpel01-ETL-) then 
eo to linal-rouiine 
else 

ETL TX2 = call AlERGE-BR-L()CATl()N-Fb^CTl{)N.STRUCrURE-STRUCTURE-PR()C uhe symbol 

return ETL. TX2: 
final -routine: 
TX2 = the scroll-title of ETL: 
:e»um ETL. TX2: 
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TABLE 1 1 

Class name raie-pvar 
Superior class lloat-pvar 
Attributes specific lo class none 

Default sellings initial value for float -parameter; 0.0: 

history keeping spec: keep history with 
maximum age of data points = 10 minutes 

Class name bindine-rate-pvar 

Superior class raie-pvar 

Attributes specific to class none 

Default settings none 

Class name tranlocntion-ratc-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 

Class name activation-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 

Class name intcraction-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 

Class name ccll-progression-raic-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 

Class name produc-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 

Class name consum-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default sellings none 

Class name output-ratc-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default settings none 

Class name input-rate-pvar 

Superior class rate-pvar 

Attributes specific to class none 

Default sellings none 
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TABLE 12 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Default settings 



velocity-pvar 
float- pvar 
none 

not a final menu choice 
none 



Class name 
Superior class 
Attributes specific to class 
Menu option 
Default settings 



enzyme-velocity 

velocity-pvar 

none 

not a final menu choice 
none 



Class name 

Superior class 

Attributes s|iccifie to class 



receptor-velocity 

velocity-var 

hone 



Class name 

Superior class 

Attributes specific to class 



cornple.N-formahon-veloeiiy 

velocity-pvar 

none 



Class name 

Superior class 

Attributes specific to class 



complex-dissoc-velocuy 

velocity-pvar 

none 



Class name 

Superior class 

Attributes specific to class 



ion- trans pon - ve loci i y 

velocity-pvar 

none 



Class name 

Superior class 

Attributes specific to class 



eonform-chatiBe-veioeity 

velocity-pvar 

none 



Class name 
Superior class 
Attributes specific to class 



trans location- velocity 

velocity-pvar 

none 
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TABLE 1.; 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Default settines 



Stubs 



float- var 
float-variable 
none 
none 

options for variable: do forward chain, do 

not backward chain: 
data server: G2 simulator: 
validity interval: indefinite: 
supply simulaiion-subiable 
inherited 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Default settines 



Class name 
Superior class 
Attributes specific to class 
Menu option 
I k'lauli settings 



velocity-var 

floai-viir 

none 

a final menu choice 
none 



coucenintiion-var 
float- var 
none 

a final menu choice 
none 



Class name 

Superior class 

Attributes specific io class 

Menu option 

Default setnnss 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Default settines 



densiiy-var 
float- var 
none 

a final menu choice 
none 



k ineuc-parameicr- var 

float- var 

n»»ne 

a t iniii menu choice 

initial value lor float-variable: \».ye-Y l > 



<?1 
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TABLE 14 

Class name model-block-var 
Superior class floai-var 
Attributes specific to class none 

Default settings default update interval: 3 seconds 

supply simulation subtable: 

Class name model-block-ouiput-var 

Superior class floai-var 

Attributes specific to class none 

Default sellings validity interval: indefinite: 

history keeping spec: keep history with maximum ace of data points = 20 minutes 

initial value for float- variable: l.Oe- 1 9: 

default update interval: 3 seconds 



Class name eraph-transf-v:ir 
Superior class float-var 
Attributes specific to class none 

Default settings initial value for float-variable: 0.0: 

default update interval: 3 seconds; 
history keeping spec: keep history with maximum age of data points = 10 minutes 
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TABLE 15 



Class name 

Superior class 

Attributes specific to class 



Inherited attributes 
Default settines 



Attribute displays 



Icon description 



iransl-iactor-var 
float-variable 

transform is given by a grnph-transf-var: 

ref-variable: 

label: 

x is x 

none 

initial value for float-variable: 0.0: 
default update interval: 3 seconds: 

history keeping spec: keep history with maximum number of data point* = ~ 

label offset by (-148. 7); 

x offset by (-20. 7) 

last-recorded- value offset by <- 10. 6i. 

inuisf-factor-var-paticrn (width 320: height 24: edge-color = Ibrecround i 



Class name 
Superior class 
Attributes specific to class 



velocity-iransf-facior 
transf-factor-var 
label is scaled- velocitv 



Class name 

Superior class 

Attributes specific to class 



input-iramf-factor 
transf-factor-var 
label is input-nite 



Class name 
Superior class 
Attributes specific to class 



output-iransf-factor 
transf-factor-var 
label is output-rate 



Class name 
Superior class 
Attributes specific to class 

Class name 

Superior class 

Attributes specific lo class 

Class name 
Superior class 
Attributes specific to class 



accum-inuisf-l'acior 

transf-factor-var 

label is accumulation-rate 

scaled-amount-transf-factor 

transf-factor-var 

label is scaled-cone 

density-transf-ractor 
iransf-lacior-var 
Libel is densitv 



Class name 
Superior class 
Attributes specific to class 



conc-transf-factor 
transl-factor-var 
label is concentration 



12> 
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TABLE 16 



Class name 


query-array 


Superior class 


symbol -array 


Attributes specific to class 


major-class: 




rcf-componcnl-class 


Default sellings 


initial values for symbol-array: none 


Attribute displays 


rcf-component-class ai (-10. - 15) 


Icon description 


query-array-pattern (width 38: height 38: 




medium-orchid, cyan) 


a query-array 




Names 


none 


.Array lenghi 


0 


Element type 


symbol 


Initial values 


none 


Major class 


none 


Rci component class 


none 



TABLE 17 



Class name 
Superior class 
Attributes specific u> class 
Default sellings 
Attribute displays 
Icon description 



references-array 
text-array . 
none 

initial values for symbol-array: none 
rcf-component-class at (-10. -15) 
rcfcrcnccs-array-paitcrn (width 38: height 38: 
violet, cvan) 



TABLE 18 



Class name 
Superior class 
Attributes specific to class 

Default settings 
Attribute displays 
Icon description 



query-list 
symbol-list 
Ic nghl is 0: 
rct-array 

allow duplicate elements tor g2-list: no 
rcf-array at (-10. -15i 
qucry-list-paitcrn (width ?<S: height 40: 
salmon: medium-blue) 



a query-list 

Names none 

Element type symbol 

Allow duplicate elements? no 

Lenghi 0 

Ref arrav none 



TABLE 19 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Default settings 
Attribute displays 



scroll-tcxt-list 
text-list 

label is scroll-list 

unless in administrator or developer mode: 

selecting any c-scroll-tcxt-list implies describe 
allow duplicate elements for g2-list: no 
label offset hv (-32. -25 > 
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TABLE 20 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Icon description 



hioitem-list 

item-list 

none 

unless in administrator or developer mode: 

selecting any bioitem-list implies describe 
bioiiem-lisi-pattem (width 36: heiclu 40) 



Class name 
Superior class 
Attributes specific to class 
Dct'ault settings 

Attribute displays 
Icon description 



experiment-selections-list 
bioitem-list 

label is "Exper. Selections" 

allow duplicate elements tor c2-list: no: 

element type for item-list: experiment-selection 
label offset by (-65. -26) 

exnerimeni-selections-Jisi-paitern (width 36: height 40) 



Clxss name bioreservoirs-list 
Superior class bioitem-list 

Attributes specific to class lisi-is-comploted has values true or false (default is FALSE) 
label 

Default settings element type for item-list: bioreservoir: 

allow duplicate elements for c2-lisi: no 
Icon description bioreservoirs-lisi-pattern (width 3ft: height 40) 

Class name downsiream-biorescrvoirs-lisi 

Superior class bioreservoirs-list 

Attributes specific to class label is "DBRL" 

Attribute displays label offset by (-26. -25) 



Class name 

Superior class 

Attributes specific to class 

Default settings 

Icon description 

Class name 
Superior class 
Attributes specific lo class 
Attribute displays 



hioprocesses- list 
bioitem-list 

list-is-completcd has values true or false 

(default is FALSE): 
label 

element type for item-list: bioprocess: 
allow duplicate elements for g2-list: no 
inherited 



downstream-bp-simulalion-list 
bioprocesses-list 
label is-SDBPL" 
label offset by (-30. -25) 



Class name 
Superior class 
Attributes specific to class 
Inherited attributes 
Attribute displays 



bm-downsiream-hp-sintulation-lisi 

downsircam-bp-simulaiion-Iist 

ref-biomodel 

label is "SDBPL" 

inlierited 



Class name neural-inpuis-list 

Superior class hiouem-lisi 

Altributes specific lo class label is "N.ln" 

Attribute displays label offset by (-25. -26) 

Icon description neural-inpuu'-pattern (width 36: heighi 40) 



Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 


neural-ouiputs-list 

bioitem-list 

label is "N.Out" 

label offset by (-25. -2ft) 

neural-ouiputs-list-paitem i width 36: height 40) 




Class name 
Superior class 
Attributes specific to class 
At tribute displays 
Icon description 


paihcross-hp-list 

bioprocesses-list 

label is XBPL" 

label offset by (-26. -25) 

patlxToss-bp-'paitern (width 36: height 40 > 


Class name 
Superior class 
Attributes specific to class 
Attribute displays 
Icon description 


patlKTOss-hr-list 

bioreservoirs-list 

label is "XBRL" 

label offset by (-26. -25) 

pathcross-br-list-patiern i width 36: height 40) 
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TABLE 21 
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Class name 
Superior class 
Attributes specific to class 
Menu option 



hioiool 

object 

none 

not a final menu choice 



table:: 



Class name model-block 
Superior class biotool 

Attributes specific to class output- 1 is given by a model-block -output- var 
Class restrictions unless in administrator or developer mode: 

menu choices exclude additionally: move. name, chance-size, 
color, describe, create -subvvorkspace: 
when in simulation, navigation, or general mode: 
menu choices exclude additionally: clone, delete: 
attributes visible exclude additionally: notes, names 
Menu option not a final menu choice 

Icon description inodcl-block-putiem 



Class name proportional. f 

Superior class model-block 

Attributes specific to class input- 1 is given by a model-block- var. 

gain is 1.0: 
bias is 0.0 



Class name 
Superior class 
Attributes specific to class 



sismoid.l 
model -block 
input- 1 : 
gain is 1.5: 
bias is 0.0 



Class name 
Superior class 
Attributes specific to class 



exp.c.pdf 
model-block 
meat) is 0.0: 
x-val is given bv 



a model-block-var 



Class name 
Superior class 
Attributes specific to class 



unif.c.pdf 
model-block 
min-val is I .0e-5: 
max-val is 1.0: 

x-vaJ is Given bv a mode I- block -var 



Class name 
Superior class 
Attributes specific to class 



unil.m.l 
model -block 
min-val is 1.0e-5: 
max-val is 1 .0 



Class name 

Superior class 

Attributes specific to class 



normal. i.pdl 
model-Mock 
mean is 0.0: 
min-val is 1.0e-5: 
max-val is 1 .0. 
x-val 



Class name 

Superior class 

Attributes specific to class 



sin.iime.l 
modcl-hhx"k 
min-val is l.Oe-5: 
max-val is 1 .0: 
frequency is 25: 
cam is 2: 
bias is 1 .0 



Class name 

Superior class 

Attributes specific to class 

Icon description 



gcncric.modcl.block 
mode I -block 

p. I: p.2: p. 3: p.4: p.5: p.6: p.7. p.tf: p.V: 

v. I: v.2: v.3: v. 4. v. 5: v.6: v. 7: v.8: v.y 
yeneric.inodel.bliKk-paueni (omitted) 
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TABLE 23 



Class name 
Superior class 
Attributes specific to class 



Class restrictions 



Menu option 
Attribute displays 
Stubs 

Icon description 

Class name 
Superior class 
Attributes specific to class 
Menu option 



inference-block 
biotool 
label is ""; 
description is"'; 

outcome is given by an outcome-par; 
beta-coeff is given by a beta-coeft'-par 
unless in administrator or uil-build mode: 
menu choices exclude additionally: move. name, change-size, 
color, describe, create-subworksp'ace. roiaie-reflect: 
when in simulation, navigation, or explorer mode: 
menu choices exclude additionally: clone, delete; 
attributes visible exclude additionally: notes. 

names, user-restrictions 
not a final menu choice 
label offset by (-35. 45) 
a p-connection located at right 26 
width 52: height 52; foreground 

deacuvation-block 

inference-block 

none 

not a final menu choice 



Class name time-dcaciivaiion-block 
Superior class deactivaiion-block 

Attributes specific to class time-interval is given by a deactivation-interval-par; 
time-threshold is 9.9e99 



Class name 
Superior class 
Attributes specific to class 



eveni-deacii vation-bloc k 

deacuvation-block 

none 



Class name 
Superior class 
Attributes specific to class 
Icon description 



Class name 
Superior class 
Attributes specific to class 

Icon description 

Class name 
Superior class 
Attributes specific to class 

icon description 



activation-block 
inference-block 
none 
inherited 



timc-activauon-block 
activation-block 

time-interval is given by an aciivaiion-interval-par: 

time-threshold is 9.9e99 

inherited 

checkpoini-io-floor-block 
activation-block 

checkpoint is civen by a checkpoitu-var; 

threshold is 9.9e99 

inherited 



Class name 
Superior class 
Attributes specific to class 

Icon description 



checkpoi nt-io-ceilinc- block 
activation-block 

checkpoint is given by a checkpoint-var: 

threshold is 9.9e99 

inherited 



a checkpoim-to-cciling-block 

Names none 
Label 

Description 

Outcome wiihin-threshold 

Beta coelT 0.0 
Checkpoint 

Threshold 9.9e99 
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TABLE 24 



Class name button 
Superior class biotool 

Attributes specific to class toggle-state has values show or hide idefault is HIDE) 
Icon description hunon-pattem (width 22: height 22. dark- 

color = dim-gray, light-color = light-gray i 

Class name action-button 
Superior class button 
Attributes specific to class label: 

stale has values enabled or disabled: 
action-prcx-name: 
Class restrictions unless in administrator mode: 

selecting any action-button implies select: 
unless in administrator, developer, or modeler mode: 
non-menu choices exclude additionally: move-object 

Class name hidc-sup-ws-button 

Superior class action-hution 

Attributes specific to class action-proc-name is H1DE-SUP-WS-CALLBACK 

Icon description hidc-sup-ws-bution-patiern 



TABLE 25 



Label 

Applicable class 

Condition 

Action 



an uscr-menu-choicc 

select 

action-button 

the state of the item is enabled 

start BUTTON-HANDLER-CALLBACK (the item, this window i 



BUTTON-HANDLER-CALLBACK (button: class action-button, win : class window) 
start the procedure named by the aeiion-proc-namc of button (button, win): 
change the color-pattern of button so that light-color is light-gray. 

dark-color is dim-gray ; 
conclude that the toggle-state of button is show: 
if button has a face-color FC then chance FC to crav 



TABLE 2ft 



HIDE-SUP-WS-CALLBACK (button: class action-button, win: class window) 
WS = the workspace of bunon: 
OBJ = the object superior to WS: 
change the size of WS to minimum: 
hide WS on win: 

if the user-mode of win is not simulation then: 
if OBJ is a bioprocess then: 

change the status-color of OBJ to slatc-bluc 
else if OBJ is a biorescrvoir then: 
change the starus-color of OBJ to medium-aquamarine: 
if the toggle-state of OBJ is show then conclude that the 
toggle-state of OBJ is hide: 



is 



WO 96/22575 



PCTVUS96/Q0883 



TABLE 1^ 

Class name ehangc-modc-button 
Superior class action-button 

Attributes specific to class action-proc-namc is change-mode -callback : 

mode has values administrator, developer, modeler 
. ... explorer, simulation, default is MODELER 

icon description change-modc-button-pattern 

CHANGE-MODE-CALLBACK (button: class channe-modc-button. win: class 
window) 

mode = the mode of button: 

call CHANGE-MODE-PROC (mode, win): 

lor each change-mode-buuon B upon the workspace of button do 

change the color-pattern of B so that face is forest-green: 

change the color-paucm ol button so that face is green- 
return: 

CHANGE-MODE-PROC (mode: symbol, win : class window) 
it the text of the g2-uscr-modc of win /= "simulation" and mode is simulation then 
inform die operator that "The subworkspaccs of all NoRcservoirs and all 

btoProccsscs will be deactivated": 
lor BR = each biorcservoirdo 
allow other processing: 
if the subworkspacc of BR exists then 
deactivate die subworkspacc of BR: 
change the status-color icon-color of BR 10 aquamarine • 
inform the operator that "The subworkspaccs of all bioReservoirs have been 

deactivated : 
for BP = each bioproccss do 
allow other processing: 
if the subworkspacc of BP exists then 
deactivate the subworkspacc of BP: 
change ihc status-color icon-color of BP to aquamarine- 
inform die operator dial "The subworkspaces o| all bioProccsscs have been 
deactivated": 

else 

it the text of the g2-uscr-rnode of win = "simulation" and mode is not simulation then 
inlorm the operator that "The subworkspaccs of all 

bioReservoirs and all bioProcesscs will be activated": 
lor BR = each biorcscrvoir do 
allow other processing: 

if the subworkspacc of BR exists then activate the subworkspacc of BR 
inlorm the operator that "The subworkspaces of all bioReservoirs have been 

activated : 
for BP = each bioproccss do 

allow other pnvessing: 

if the subworkspacc of BP exists then activate the suhworkspace of BP 
intorm the operator that "The subworkspaccs of all bioPriKesses have been 
activated", 
case (mode) of 
administrator: 

change the text of the g2-user-m<xlc of win to "administrator"- 
developer: 

change the text of the g2-uscr-modc of win to "developer- 
modeler: 

change the text of the g2-uscr-modc of win to "modeler"- 
general : 

change the text of the g2-uscr-modc of win to "scncral"- 
navigation : 

change the text of the g2 -user-mode of win 10 "navieation "• 
Mmulaiion: 

change the text of the g2-uscr-modc of win to "simulation" 
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TABLE iS 


Class name 


path-iracer 


Superior class 


button 


Attributes specific id class 


none 


Class restrictions 


unless in administrator or developer mode: 




seleciinc anv^^hiiLh- tracer inmlies show 

JWIVVIIIili U-l k * ■^iiUUI UUWi JIII|»I»W»1 •Jill'' 1 


Menu opiion 


not a final menu choice 


Iccin description 


path-tracer-paliern l width 14: height 21 ) 


i u-j *v nun iw 


down-paih-iraccr 




njill\-irat*i*r 


Attributes specific to class 


none 


Icon description 


down-paih-tracer-pauern 


Class name 


up-paUt-traeer 


Superior class 


path-tracer 


Atiributes specific lo class 


none 


icon description 


up-path-iraccr-paltern (width 14: height 20) 


Class name 


tiavig-palh-traccr 


Superior class 


path-tracer 


Attributes specific to class 


none 


Icon description 


up-path-traccr-patiem (width 14: height 20) 


TABLE IS 



an user-mcnu-choicc 

Label show- 
Applicable class path-tracer 
Condition none 

Action start PATH-TRACER-HANDLER-PROC ( the item, 

this window) 



PATH-TRACER-HANDLER-PROC (tracer: class palh-uacer. win: 
class window) 
if the toggle-state of tracer is hide then 
if the suhworkspace of tracer exists then 
case the class of tracer is 
up-path-tracer: 

call DRAW-UP-PATHWAY-PROC (tracer, winj: 
down-path-tracer : 

call DRAW-DOWN-PATHWAY-PROC (tracer, win): 
complex-down-path-tracer : 
call DRAW-COMPLEX-DOWN-PATHWAY-PROC (tracer, win): 
if the toggle-state of tracer is show then 

if thc SW of tracer exists then hide the SW of tracer, 
call CONFIGURE -TRACER-PROC (tracer, win): 
return 



CONF1GURE-TRACER-PROC (tracer: class tracer, win: class window i 
case the toggle-state of tracer is 
hide: 

change the color-pa.uem of iraccr so that light-color is dim-gray. 

dark-color is liglu-cray . white-color = the symbol black: 
conclude that the logglc-siatc of iraccr is show: 
show: 

change the color-pattern of tracer so that light-color is light-gray. 

dark-color is dim-gray . white-color = the symbol white: 
conclude that the toggle-state of tracer is hide: 
return 



/DO 
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TABLE30 


Class name 


lists-tracer 


Superior class 


button 


Aiiribuics specific to class 


none 


Class rcstriciions 


unless in administrator or developer mode: 




selecting any lists-tracer implies show: 




non-menu choices exclude additionally: move-object: 


Menu option 


not a final menu choice 


icon ucacnpuon 


lisis-lracer-patiem (width 14: height 21) 


Class name 


bp-chaininig-traeer 


Superior class 


lists-tracer " 


Aiiribuics specific 10 class 


none 


Icon description 


bp-chaininig-tracer-patiem 


Class name 


br-chaini ni c-iracer 


Superior class 


lists-tracer ~ 


Attributes specific to class 


none 


Icon description 


br-chaini nig-lracer-pauem (width 14: height 20) 


Class name 


basal -density-source-tracer 


Superior class 


lists-tracer 


Attributes specific to class 


none 


Icon description 


basal-dcnsity-sourcc-tracer-paiicrn (width 24: heicht 24) 


Class name 


br-scroll-tracer 


Superior class 


lisis-traccr 


Aiiribuics specific to class 


none 


icon description 


br-chaininig-traccr-patiem (width 116: height 30) 


Class name 


query-tracer 


Superior class 


lisls-tracer 


Attributes specific to class 


none 


Class rcstriciions 


unless in administrator or developer mode: 




selecting any query- tracer implies show: 


Icon description 


non-menu choices exclude additionally: move-object: 


lisis-lracer-patiem ( width 1 4: height 21)' 



TABLE 3 I 



an user- menu-choice 

Label show 
Applicable class lists-tracer 
Condition none 

Action start L1ST-TRACER-HANDLER-PROC < the item, this window) 



LIST-TRACER-HANDLER-PROC ( tracer: class tracer, win: class window) 
it' the toccle-siaic of tracer is hide then 
cascihe class of tracer is: 
bp-chainini c-iraccr : 

call BP-CHAINING-PROC (the bioproccss superior to the WS ol tracer, win): 
br-chaini nig-tracer : 

call BR-CHAINING-PROC (the biorcservn.tr superior to the WS of tracer, win »: 
br-scroll-iracer: 
call BR-SCROLL-PROC (tracer, win): 
else if the toggle-state of tracer is show and die S\V of tracer exists then 

delete the subwnrkspacc ol tracer: 
call CONFIGURE -TRACER-PROC (tracer, win): 
return 



(Ol 
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TABLE 3- 



Class name graph-tracer 

Superior class button 

Attributes specific to class none 

Class restrictions when in simulation or developer mode: 

selecting any graph-tracer implies show-plot: 

Menu option not a final menu choice 

Icon description graph-traccr-pattem (width 14: height 20) 



Class name scaled-br-graph-tracer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description sealcd-br-araph-iracer-pattern (width 14: 

height 20) 



Class name absolute-br-graph-traeer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description absolute-br-graph-iraccr-pattcrn (width 

14: heighten 



Class name scaled-bp-graph-iracer 
Superior class graph-tracer 
Attributes specific to class none 

Icon description sealed-bp-graph-traccr-pattcrn (width 14: 

height 20) 



TABLE 33 



an uscr-menu-ehoice 
Label show-plot 
Applicable class graph-tracer 

Condition the user-mode of this window is simulation or the user- 

mode of this window is developer 

Action start TRANSF-GRAPH-TRACER-HANDLER-PROC 

(the item, this window) 



TRANSF-GRAPH-TRACER-HANDLER-PROC (tracer: class graph- 
tracer, win: class window ) 
if the togglc-siaie of tracer is hide then: 
if the SW of tracer exists then 
make the SW of tracer transient: 
delete the SW of tracer: 
case the class of tracer is 
sealed-br-araph-traccr: 

call SCALED-BR-TRANSF-GRAPH-PROC (tracer, win): 
scalcd-bp-craph-tracer: 

call SCALED- BP-TRANSF-GRAPH-PROC (tracer, win): 
absolutc-br-sraph-iraccr: 

call ABSOLUTE-BR-TRANSF-GRAPH-PROC (tracer, win): 
else if the toggle-state of tracer is show then 

delete the SW of tracer: 
call CONF1GURE-TRACER-PROC (tracer, win): 
return 
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CIuss name 
Superior class 
Attributes specific toclas* 



Class restrictions 



Attribute displays 
Icon description 



TABLE 34 

reference-block 
biotool 

id. with an index: 
shon-ref is "". with an index: 
unii|ue-identitler. with an index: 
author-s is "Smith AB. Morris AD. 
title is '": 

institution is "Dept. Institution. Country": 
journal is "Journal Full Name Ref": 
abstract is 

unless in adminisirator. devekiper. or modeler mode: 
menu choices exclude additionally: transfer, name. 

rotate-reflecL chance-size, disable, describe: 
attributes visible for cabe- reference exclude 
additionally: user-restrictions, names, id: 
selecting any cabe-reference implies table 

.shoit-ief offset by (8. 14, 

reference-pattern ( width 27: height 35 



TABLE 35 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 



Attribute displays 
Icon description 



bio-ohiect-iiile 
hioiooi 

label is "kone.name.of.biomodel" 

unless in administrator or developer mode: 

menu choices exclude additionally: delete, transfer. 

name, disable, describe, create-siibworkspace 
label offset byi-72. -7) 
bio-ohjeci-iiilc-paitemt width 130: height 2) 



TABLE 36 



MESSAGE DEFINITIONS 
Class name cabe-rcfereitcc- message 

Supertor class message 
Attributes specific to class none 
IX- fault message properties none 



Class tume 
Superior class 
Attributes specilic to class 

Default message properties 



sequence-display 
message 

id. with an index: 
label is " 

minimum- with is 100: text-color is 
transpareni: background color is foreground 



TABLE 37 



Class name 
Superior class 
Attributes specific to class 



Menu option 
Inherited attributes 
Icon description 



entry-panel 
uil-tailored-dialoc 
id is "". widi an index: 
related-item is none: 

curreni-simulaiion-iime is given by an elapsed-simul-iime-par: 
current-simulation-iinw-increment is given by an • 

clapscU-simu I- time-par 
a final menu choice 
several proprietary attributes 

entry-panel (width 80: height iOOi dark-color = dim-gray, 
light-color = licht-crav. while-color ■ white > 



Class name 
Superior class 
Attributes specific to class 

Inherited attributes 
[con description 



query-panel 

ui I- tailored-dialog 

id is "". with an index: 

relaied-iiem is none 

several proprietary attributes 

entry-panel (width 80: height 10th dark-color » dim-grav. 
Iitht-color ■ licht-crav. white-color - white i 



WO 96/22575 



PCT/US96/00883 



TABLE 38 





CONNECTION DEFINITIONS 


Class name 


p-connection 


Superior class 


connection 


Attributes specific to class 


none 


Inhori!t % fi siiirihiiit*( 


none 


Cross section pattern 


core = dim-orav. cover = srecn.l cover. 2 core. 1 cover 


Stub length 


8 


Class name 


r-connection 


Superior class 


connection 


Attributes specific to class 


none 


Inherited attributes 


none 


Cross section pattern 


core = red. cover = dim-srav: 2 cover. 2 core. 2 cover 


Stub length 


8 


Class name 


model-box-connection 


Superior class 


connection 


Attributes specific to class 


none 


Inherited attributes 


none 


Cross section pattern 


core = red. cover = green: 2 cover. 2 core 


Stub length 


8 



Class name 
Superior class 
Attributes specific to class 



Cross section pattern 
Stub lencth 



cycle-path 
connection 

uiu-cocff is given by a tau-coel'f-par: 

raie-consiant is given by a cell-progression-raie-constant-par: 

progression-raie is given by a cell-progTession-raic-pvar 

core = grav. cover = areen: 2 cover. 6 core. 2 cover 

10 



TABLE 39 



Class name 
Superior class 
Attributes specific to class 
Class restrictions 

Menu option 



biopost 

connection-post 

toggle-suite has values show or hide (default is HIDE) 
unless in administrator or developer mode: attributes visible 

exclude additionally: superior-connection, toggle-suite 
not a final menu choice 



TABLE -10 



Class name 

Superior class 

Attributes specific to class 

Class restrictions 



Menu option 
Icon description 



bio-object 
object 

label is "". with an index: 
description is "" 

unless in administrator, developer, or modeler mode: 
menu-choices exclude additionally: move-object, 
rotate-rellect 
not a final menu choice 
bio-object-paitem 



Class name 

Superior class 

Attributes specific to class 

Menu option 

Icon description 



bionode-ohject 

bio-object 

none 

not a final menu choice 
inherited 



Class name 
Superior class 
Attributes specific to class 



Menu option 
Icon descripuon 



bioview-object 
bio-object 
references is "": 
warnings is "": 

toggle-state has values show or hide (default is HIDE) 

not a final menu choice 

inherited 
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TABLE 41 a 



+ BioEntity 
I. Simplc-bioEntity 

A. Protein-site 
Licand.site 

Catalytic. site 

Tyr.site 
Sersile 
Thr.siu; 
Cys.sitc 

Isoprcnylation-siic 
Myrisioylauon-sile 

Pnncin-los.s-ol-funi'lion-mutatinn 
Protcin-cain-ol-tuncuon-muuuon 

B. Protcin-modificd-uroup 
Tyr.P-group 
Ser.P-eroup 
Thr.P-aroup 
Disulphidc-hridce 
Isoprcnylatcd-sroup 
Myristoylatcd-sroup 

C. .. 

D. DNA-binding-.sitc 
Transcription -clement 

Enhancer-clement 

Promoter-proximal -clement 

Response-clement 

Activator-site 



E. DN A-modification-site 
McUiyluiion.sitc 

F. RNA-binding-sitc 

G. ... 

II. Complcx-bioEmity 
A. BioEntily-Component 
I . Protein-Component 
u. Protein-domain 
Cytopkismic-domain 
Tiunsmcmbrnnc-domain 
Extracellular -domain 
C(X )H -terminal -domain 
NH2-tcrminul-domain 
Protein -spacer 
SH2-donuiiii 
SH3-domatn 
HSP-domain 
Alpiia-L'.-Jumiun 



U-sheet-domain 

Helix-tum-hclix-domain 

Ig-fold-dotnain 
Ig-CHl -domain 

Collagen-domain 
Fibronectin-type-lll-domain 
Superbarrel-domain 
8-stranded-barrel-domain 

b. Protein-motif 
Leucin-zippcr-motif 
Zinc-finger-molif 
Alpha-helix-motif 
Helix-tum-moUr 
tt-strand-moiif 
EF-hand-motit 
Trefoil-motif 
Greek-key-motif 
Loop-rcgion-motif 
Signal-peptidc-motif 

c. ... 

2. DNA-Component 
a. ONA-domain 

Operator 

Promoter 

h. DNA-motif 
TATA-box 

c. RNA-domain 

d. RNA-motif 

3. Membrane 
Plasma.Mcmbrane 
Nuclear.Membrane 

B. Molecule 
1. Protein 
a. Active. polypeptide 
Cyu>kine 
EFOJike 

IL2.1ike 

lU.like 

ILo.like 

lL7.like 

LIF.like 



Growth-factor 
EGF.tike 

PDGF.Iike 



Peptide. hormone 
GH.like 

Insulin. like 



b. Receptor 
PTK.Rcp 
EGF.R.likc 
EGF.R 
HER-2/neu 
crbB3 

PDGF.R.like 

Insulin.R.likc 

FGF.R.likc 

PSTK.Rcp 
PPase.Rcp 

Hematopoietin.R.like 

ic. R. like 
"lLl.R.like 

G.coupled.R.like 
ILS.R.Itkc 

Steroid-receptors 



Receptor -complex 
PTK.Rcp.complex 

EGF.R.Iikc.complcx 
EGF-EGF.R 
EGF-HER-2/neu 
EGF-erbB3 

PDGF.R.Iike.complcx 
PDGF-PDGF.R 
CSF1-CSF1 R/lms 

Insulin.R.likccomplex 
Insulin-Insulin. R 
IGF-IGFI.I 
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TABLE 41b 



FGFR.like.compiex 
FGF-FGF.R 

Hematop.R like. complex 
Dihemaiop.R, complex 
GPI30.complcx 
IL2.Rg.u>mplex 
KH97. complex 

Ig.R. like. complex 
ILl.R.like.eoniplex 

G. coupled. R. like .complex 
ILS.R.like.compIcx 



c. Enzyme 
P.tyr.kinuse 

P.ser.Thr.kin&sc 
p.S5 Rsk Sft-kinase 
p70 Sfc-kiiuse 

P.tyr.P.ase 
P.ser.Tlir.P.ase 

Phosphorilusc 
Synthetase 
RNA.Polymenise.il 
Topoisomcrasc- II 



Enzyme -complex 

J. Traiiscripuon-iactor 
J un like 
c.Jun 
F.»s 

NF.kB.like 

NF.IL2A.like 

SPI.Iike 

TFIID.Iike 

TFHB.Iike 

TFHE.Iike 



Complex iranscrip-factor 
AP.l.like 

NF.AT.like 



e. Reprcssor.facior 

I . Hisione 
HI 
H2A 
H2B 

3:. Ribosonal.protein 
6S 
40S 
70S 

h. Cytoskclcion.protein 
Aciin 

Myosin 
Tubulin 
Keratin 

i. Ion. channel 
Voltage-gatcd-channel 

Volt-gaicd-Ca++-channel 
LigandGalcdCliannel 
Ca-H--gated-K+-channcl 

j. Transplaniation.amiscn 
MHC.I 

MHC.ll 

k. Adhesion. protein 
Iniegrin 

Cadhenn 

Sclcclin 



I. Immunoglobulin 
IcG 

IgM 

l?A 

m. ECM protein 
Fibmnecun 

Collagen 

Adhesin 



2. Nuclcicacid 

a. DNA 
Gene 

cDNA 

b. mRNA 

c. rRNA 

d. lRNA 

e. Oligonucleotide 

3. Carbohydrate 
a. Polysacharide 

4. Lipid 

a. Steroid. hormone 
Estrogen 

b. Prostaglandin 

c. Leukoirienes 

d. Phospholipid 

e. Isoprene 

I . Fatty .acid 

5. Small. molecule 

a. Nucleotide 
ATP 
GTP 
cAMP 

b. Aminoacid 

c. Viuunin 

d. Retinoid 

e. Sugar 

I . Ion 
Cation 

III. Heter-Mol-Complex 

A. TF-DNA.Complox 
E2F-RB-DNA.comple\ 

B . Nudeosome 
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TABLE 168 



MERGE -BR-L(XAT!ON-FUNCT!ON-STRUCTURE-PR<)C (tag I: symbol. typeO: symbol, type I: 
symbol. iype2: symbol. type?: symbol. PETL: class scroll-icxt-list. QA: class query-array, panel: class 
query-panel, win : class window* = (class scroll-texi-list. text) 

PN: symbol = ihe name of panel: 

BRN: symbol = the rclaied-item of panel: 

ETL: class c-scroll-tcxt-list: 

if ihcre exists a c-scroll-texi-lisl ETL such thai (the label of ETL = 
•IPNM-ltNTcOIMiy^n-liy^Hivpc-^l-ETL"* «hen 
go to exit-routine 
else 

create a c-scroll-icxt-list ETL: 

conclude that the label of ETL = "|PNl-ttypeO]-[t\Tell-(iype2]-[iyrH!5]-ETL": 
conclude thai ETL is a-lisi-assoeiated-uvdlg panel: 
transfer ETL lo the suhworkspace of safc-home-for-lists at (50. -245): 
TX2 = die scroll-title of ETL: 
if the number of elements in PETL >= 0 then 
if the array-length of QA > 0 then 
TX2 = capitali/c-words <"|typo2| that arc [ivpcO) of | BRN] and located in the |ivpcl ) that contain 

Iiy|w3r>: 
lor Tl = each text in PETL do 
lor S2 = each svmhol in QA do 
if Tl = "|S2]"' then 

insert T I at the end of the text list ETL: 

else 

if type 3 = symbol ("no-|tagl J-sclection") then 

TX2 = capiuilize-words ("(typc2| with structures defined in this module that ;ire (typeO] of |BRN| 
and located in the 1 1 ype 1 j" ) 

else 

TX2 - capitalize-words ("|iype2| with structures defined in this module that arc |iype0| of |BRN] 

and contained in the 1 1 ypc I ] . None of those contain |iype3]")'. 
for Tl = each text in PETL do 
insert Tl at the end of the text list ETL: 
return ETL. TX2: 
exit-rouunc: 
TX2 = the scroll-title of ETL: 
return ETL. TX2: 



TABLE 169 



NtERGE-BR-L()CATK)N-FUNCTI()N-STRUCTURE-STRUCTURE-PR()C (tag I: symbol. uig2: 
symbol. 

ivpcO: symbol, typel: symbol. type2: symbol. type4: symbol. type5: symbol. PETL: class scroll-icxi-hsi. 
QAl: class query-array. QA2; class query-array, panel: class query- panel, win : class window i = (class 
scroll-texi-list. text) 

BRN: symbol = symbol (the related-item of panel); 
PN: symbol = the name of panel: 
if there exists a c-scroll-icxt-list ETL such that (the Line I of ETL = 
" I PN H »>T*-'0 H lyr* 1 l-liypc2 J-| iypc4 |-l type5 1- ETL" ) then 
go to exit-routine 
else 

create a c-scroll-text-lisi ETL: 
conclude that the label of ETL = 

"|PNHi>T>eOHi>T»el |-|i>pc21-ltype4HiyT>e5]-ETL' : 
conclude that ETL is a-list-associaied-u>-dlg p:tnel: 
transfer ETL to the suhworkspace of safe-home-for-lists at i50. -245): 
TX2 = the scroll-title of ETL: 

continue 
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TABLE 169 com. 



if the array-length of QA I = 0 then 
if the army-length of QA2 = 0 then 
if typc5 = symbol <"no-[me.21-se lection") aixliype4 = symbol ("no-lug I J-selcction" ) then 
TX2 = capitalize-words ("Uypc2J with structures defined in this module thai arc [tvpcOl of IBRN1 
and located in the | type 1 1" ) " 

else 

if type5 = symbol ("n(v|tag2]-sclcction") then 

TX2 = capitalize-words C|typc2] with structures defined in this module that are ItvpcOl of 
[BRNJ and located in the | lypel]. None contain ltvpe4]" ) 

else 

if type4 = symbol ("no-Jug 1 ]-sclection") then 

TX2 = capitalize-words <"[typc2] with structures defined in this module thai arc [tvpcOl of 
[BRNJ and located in the (type 1 J contain UvpeS]" ) 

else 

TX2 = capitalize-words ("[type2] with structures defined in this module that are ItvncOl of IBRN1 
arid kxaud in the | typo 1]"): 1 
for T = each text in PETL 'do 
insert T at the end or the text list ETL: 
else if the :irniy-lcngih of QA2 >= 0 then 

if typc4 = symbol ( "no-| ug 1 ]-sclcction" ) then 

TX2 = capitalize-words ("|type21 with structures defined in this module thai are ItvpeOI of IBRNI 
and located in the (type 1 1 thai contain |t>pe5|") 

else 

TX2 = capitaliye-words C"Itypc2I with structures defined in this module that are |ivpeO| of IBRNI 

and located in ihe I type 1 1 that contain [ typo J. None was found also containine 1 1 vne4 1" ) 
lor T = each text in PETL do * " 

for S2 s each svmbol in QA2 do 
ifT = *[S2r* then 

insert T at the end of the texi list ETL: 
else if the array-length of QAI >=0 then 
if the array-length of QA2 = 0 then 
if typeS = symbol <"no-[tag21-sc!ection") then 

TX2 = capitalize-words <"[type2J with structures defined in this module that are ItvpeOI of IBRNI 
and located in the | type 1 1 thai contain |tvpc4]"> 

else 

TX2 = capitalize-words ntypc2J with structures defined in this module that are (typcO| of [BRNI 

and located in the |typc 1 1 that contain |type4|. None was found also containine iivpcSl" l 
lor T = each text in PETL do *" " 

for S 1 = each svmbol in Q A 1 do 
iiTe "f SI]" then 
insert T at the end of the text list ETL: 
else if the array-length of (JA2 >= 0 then 
TX2 = capitalize-words r[iypc2) with structures defined in this module that are |tvpeO| of IBRNI 

and located in the (type 1 1 that contain |tvpe4| and [type5]" ): 
for T = each text in PETL do 
for S I = each svmbol in QAI do 
if T = "[SI]" then 
for S2 = each svmbol in (JA2 do 
ifT = "[S2r then 

insert T at the end of the text list ETL: 
return ETL. TX2: 
exit-routine: 

TX2 = the scroll-tiUc of ETL: 
return ETL. TX2: 
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TABLE 170 



an user-menu-choice 

Label list-copies 
Applicable class complex-bioentity 
Condition the item has a name 

Action start ET-L1ST-COPIES-CALLBACK (the item, this window) 



ET-LIST-LOCAL-COPIES-CALLBACK (ET: class complex-bioemitv. win : class window i 
EN: symbol = the name of ET; 
n: iniecer= 0: 

create a message-dialog md. set the text of the messaoe upon the SW of md to "Processing .... 

and show the SW of md on the current window at (0. 0): 
if there exists a scroll-iext-lisi that is the-copies-list-of ET then 

for CEL = each scroll-text-list thai is thc-copies-list-of ET do 
delete CEL: 
create a scroll-text-list CEL: 
conclude that CEL is THE-COPIES-LIST-OF ET: 
transfer CEL to the subworkspace of safc-home-for-lists at (55. 15): 
call LIST-L()CAL-BIOENTm'-COPIES-PROC (ET. CEL. wini: 
if the number of elements in CEL = 0 then 

go to exii-routine 
else 

create a query-panel panel by cloning MASTER-L()CAL-BIOENTrrY -COPIES-PANEL: 
transtcr panel to the subworkspace of dialog-bin at «). 0); 
SW = the subworkspace of panel: 
make panel permanent: 
create a panel-text FT: 

change the text of FT to "COPIES OF: [EN]"; 
transfer FT to SW at (0. 80); 

sa = call create-scroll-area-i'rom-lisi ("ET-copies-scroll ". 5. CELi: 
conclude thai the allow-unseleci-on-selected-message of sa is true: 
conclude thai the alhm-multiple-simultaneous-seleeiions of sa is true: 
call add-grobj-to-dialoet panel, sa. 0. -30); 
call scroll-area-refleci (sal: 

call set-attributeiSA. the symbol uil-mcssaee-seleaion-meihod. 

the symbol ET-COPES-MESSAGE-SELECTION-CALLBACK i: 
call uil-sei-aiirihuteiSA. the svmbol uil-messace-unselection-method. 

the symbol ET-COPES-MESSAGE-UNSELECTION-CALLBACK ): 
de = call creaie-pushbutton < "de". the symbol text, the svmbol DELETE -QUERY-PANEL-CALLBACK 

the symbol medium. "DELETE "); 
call add-crobj-to-dialog( panel, de. 0. -145); 
change the size of the subworkspace of panel to minimum: 

show the subworkspace of panel on win with its center 200 units to the left of the center of the screen: 
delete md: 
return: 
exit— routine: 
delete md: 

create a message-dialog md. set the text of the message upon the SW of md to "There arc no copies of: I EN] 

and show the SW of md on the current window at (0. 0); 
returr.. 



TABLE 172 



ET-COP1ES-MESS AGE-SELECTION-CALLBACK (MO: class message -object. SA: class scroll-;) 

window i 

BRN: symbol: 

T: text = the text of MO: 

if there exists a bioeniity EN such that < the id of EN = T) then 
show EN on win with its center 3<X) units to the right of the center of 
the screen : 



ET-COPIES-MESSAGE-UNSELECTION-CALLBACK ( MO: class message-object. SA: class scroll-area, win 
class window) 
T: text = the text of MO: 

if there exists a hiocmiiy EN such dial ( the id of EN = T) then 
hide ihc workspace of EN on win: 
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TABLE 171 

list-l<x:al-bioentity-copies-pw;>c7et7^ 

class scroll-texi-lisi. win: class window) 

EN: symbol = the name of ET: 
CL = the class of ET: 
if ET is a PROTEIN then 
if there exists a protein CE that is of the class named bv CL such that 
(the text of the masicr-bioentity of CE = "[EN]") then 
for CE = each protein that is of the class named bv CL do 
if the text of the master-bioemitv of CE = "[EN]* then 
insert "(the id of CE]" at the end of the text list CEL: else 
if ET is a PROTEIN-MOTIF then 
if there exists a protein-motif CE that is of the class named bv CL such 
that (the text of the master-bioenuty of CE = "[EN]" ) then" 
for CE = each protein-motif that is'of the class named bv CL do 
if the text of the master-bioentitv of CE = "[EN]" then ' 
iasert "| the id of CE]" at the end of the text list CEL: else 
if ET is a PROTEIN- DOMAIN then 
if there exists a protein-domain CE thai is of the class aimed bv CL such 
that < the text of the master-bioenuty of CE = "fEN]" ) then ' 
lor CE = each protein-domain that is of the class named bv CL do 
if the text of the master-bioenuty or CE = "[EN]" then 
iasert "|the id of CE1" at the end of the text list CEL; else 
if ET is a PROTEIN-COMPONENT then 
if there exists a protein-component CE that is or the class named by CL 

such that (the text of the mastcr-biocntitv of CE = "[EN]" ) then 
lor CE = each protein-component thai is of the class named bv CL do 
il the text ol the masicr-biocmiiv of CE = "[EN]" then 
iasert "[the id of CE1" at the eiid of the text list CEL: else 
if ET is a DNA-COMK WENT then 
if there exists a dna-component CE that is of the class aimed bv CL such 
that (the text or the master-bit vniity of CE = "[EN j" ) then ' 
for CE = each davcomponem that is of the class named bv CL do 
if the text ol the master-bioemitv of CE = "fEN]" Uten ' 
iasert "(ihe id of CE]" at the end of the text list CEL: else 
if ET is a HETER.MOL.COMPLEX then 
if there exists a hcter.mol.complcx CE that is of the class aimed bv CL 

such that (the text of the master-bioentity of CE = "IENJ" ) thin 
for CE = each hetcr.mol.complex that is of the class named bv CL do 
il the text of the masicr-hiocmity of CE = "|EN|" then 
iasert "[the idol' CE]" at the end of the text list CEL: else 
if ET is a NUCLEIC-ACID then 
if there exists a nucleic-acid CE thai is of the class named bv CL such 
thai < Uk texi of the masier-bioemity of CE * "[EN]" ) then 
lor CE = each nucleic-acid lhai is of die class aimed bv CL do 
il ihe text of the master-hiocniiiv of CE = "(EN ]" then 
insert "[ihe id of CE]" at the end of the text list CEL: else 
if ET is a MEMBRANE then 
if there exists a membrane CE that is of the class aimed bv CL such that 
l the text ol the master-bioenuty of CE = "[EN]" > then 
for CE = each membrane thai is of ihe class named bv CL do 
if the text of the mastcr-biocntitv of CE = "|ENJ" then 
iasert "[the id of CE)" at the end of the text list CEL: else 
if ET is a BIOENTiTY then 
if there exists a bioemity CE that is of the class named bv CL such that 
I the text of the masier-bioemity of CE = "(EN]" > then 
for CE = each bioemity that is of the class named by CL do 
if the text of the masicr-biocniiiy of CE = "fEN]" then 
iasert "[the id of CE]" at the end of the text list CEL: 
return: 
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TABLE 173 



an user-menu-choicc 
Label show-lists 
Applicable class biorescrvoir 

Condition the br-chainins-iracer upon the subworkspace of the item exits 

Action stan BR-CHAINING-PROC (the item, ihis window ) 



BR-CHAINING-PROC ( BR: class biorescrvoir. win: class window) 
(racer: = die hr-chaining-traccr upon the subworkspace of BR: 
if the subworkspace of tracer exists then 
show the subworkspace of tracer on Win with its center 400 units to the right of 
the center of the screen 

else 

if BR has a name then go to chai nine-routine 
else if the inastcr-biorescrvoir of BR is not none then 
BR = the biorescrvoir named by the niaster-biorcservoir of BR: 
go to chaining-routinc: 
else return: 
chaining-routinc: 

create a workspace SW by cloning the subworkspace of BR-CHAINING-L1STS : 
make SW the subworkspace of tracer: 

change the text of the panel-text upon S W to "Lists of bioRescrvoirs and bioProccsses 

Downstream and Upstream of: [the name of BR]": 
DBPL = the downstrcam-hioproccsscs-lisl upon SW : 
DBRL = die downstrcam-hiorcservoirs-lisi upon SW : 
for DBP = each bioprocess that is a-down-hioprocess-of BR do 
allow odicr processing: 

insert DBP at the end of die bioprocess list DBPL: 

lor DDBP = cach bioprocess that is a-downsircam-hioproccss-of DBP do 
insert DDBP at the end of the bioprocess list DBPL: 
for LDDBP = each bioprocess in DBPL do 

for DDBR = each biorescrvoir that is a-down-bioreservoir-of LDDBP do 
insert DDBR at die end of the biorescrvoir list DBRL: 
UBPL = U>c upstream-bioproccsses-lisi upon SW . 
UBRL = i he upstrcam-biorcscrvoirs-list upon SW :• 
for UBP = each bioprocess that is an-up-biopr«K - css-of BR Jo 

allow other processing: 

insert UBP at the end of the bioprocess list UBPL: 
for UUBP=cach bioprocess that is an-upstream-bioprocess-of UBP do 
insert UUBP at the end of the bioprocess list UBPL: 
for LUUBP = each bioprocess in UBPL do 
lor UUBR =each biorescrvoir that is an-up-biorcscrvoir-of LUUBP do 
insert UUBR at die end of the biorescrvoir list UBRL. 
change the size of SW to minimum: 

show SW on win widi its center 400 units to ii\c right of the center of the screen: 
return: 
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oil user-menu-choice 

Label show-lists 
Applicable class bioproccss 

Condition iihe bp-chaining-tracer upon ihc subworkspace of the item exits 

Aaion start BP-CHAINING-PROC (the item, this window ) 

BP-CHAINING-PROC (BP: class bioprocess. win: class window ) 
lracer= the bp-chaining-tracer upon the subworkspace of BP: 
if the subworkspace of tracer exists then 

show the subworkspace of tracer on win with its center 400 units to the rieht of the 

center of ihc screen 
else 

if BP has a name then go to chaining-rouune 
else if the mastcr-biopnxcssof BP is not none then 
BP = the bioprocess named by the master-bioproccss of BP: 
go to chaining-rouune: 
else return: 
chaining-nxiunc: 

create a workspace S\V by cloning the subworkspace of BP-CHAIN1NG-LISTS: 
make SW the subworkspace of tracer: 

change the text of the panel-text upon SW to "[the name of BP]": 
DBPL = die downstream-bioprocesscs-list upon SW : 
SDBPL = tine downsircam-bp-simulaiion-lisi upon SW : 
DBRL = the downstrcam-biorescrvoirs-list upon SW : 
SDBRL = the downstrcam-br-simulation-list upon SW : 
for DBP = each bioproccss that is a-downstrcam-bioprocess-of BP do 
allow other processing: 

insert DBP at the end of the bioproccss list DBPL: 

if die status of DBP is downstream-activated or the status of DBP is farw-aciivaicd then 
insert DBP at the end of the bioprocess list SDBPL: 

for DBR = each biorcscrvoir that is a-down-biorcscrvoir- of DBP do 
insert DBR at the end of the biorcscrvoir list DBRL: 
UBPL = the upstrcain-bioprocesses-lisi upon SW : 
SUBPL = the upstrcam-hp-si mutation-list upon SW : 
UBRL = the upsucam-biorcscrvoirs-list upon SW : 
SUBRL = the upstrcam-br-simulaiion-lisi upon SW : 
for UBP = each bioprixess that is an-upstrcam-biopnx:css-of BP do 

allow other processing: 

insert UBP at the end'of ihc bioprocess list UBPL: 

if die status of UBP is upstream-activated or the status of UBP is back-activated then 

insert UBP at the end of die bioproccss list SUBPL: 
for UBR = each biorcscrvoir that is an-up-biorcscrvoir-of UBP do 

insert UBR at the end of the biorcscrvoir list UBRL: 
change the size ol'SW to minimum: 

show SW on win with its center 400 units to the neht of the center of tnc screen 
return: 
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an user-menu-choice 
Label up- pathway 

Applicable class bioprocess 

Condition die subworkspace of the item has been activated and the subworkspace of 

the up-path-tracer upon the subworkspace of lite item does not exist 

Action start DRAW-UP-PATHWAY-PROC (the up-paih-iracer upon the subworkspace 

of the item, this window i 

DRAW-UP-PATHWAY-PROC (PT: class up-path-tracer. win: class window) 
BP = the bioprocess superior to the workspace of PT; 

if BP has a name and there exists a bioreservoir that is an-up-bioreservoir-of BP then 
create a workspace SW by cloning the subworkspace of MASTER-UP-PATHWAY. 
make SW the subworkspace of PT: 
T = the biomodel-litle upon SW: 

conclude thai die label of T a '[the label of T\ (die label of BP]": 

chance the status-color icon-color of BP to brown: 

create a bioprocess LBP by cloning BP: 

make the subworkspace of LBP transient: 

delete the subworkspace of LBP: 

x = the x-pos upon SW: 

y « the y-pos upon SW: 

conclude thai x = -305: 

conclude thai v a -240: 

transfer LBP to SW at <x, y): 

show SW at ihree-quaner scale with its bottom left corner 50 units to ihe rich! of the 

lv>tk>m left comer of Ihe screen: 
lor UBP = each bioprocess that is an-upstrcam-bioproccss-of BP do 
allow other processing: 

change ihe status-color icon-color of UBP to brown: 
conclude thai v = v + 30: 

call CKEATK-LOCAL-UPBP-PROC (BP. LBP. SW. wini: 
chance the si/e of SW to minimum: 
return. 



TABLE 17fi 

CRI^-U>CAL-UP-BP-PR(>C (BP: class hmproccZLBRdass bioproc'^ 
x a ihe x-pos upon SW; y a the y-pos upon SW: 1 
il there exists a bioreservoir that is an-up-bioreservoir-of BP then 
,o r = ,tM ^ bioreservoir thai is an-up-bioreservoir-of BP dv> 
if there exists a bioprocess that is un-up-bioprocess-of UBR then 
for UBP = each hiopriKess that is an-up-bioproccss-of UBR do 
if there exists a bkwrucess MBP u\\w SW such thai (the mastcr-bioproccsN of MBP = the m aster- bionroccs> 
ot UBP) then LUBP a MBP: 
go to conncci -routine : 
else 

conclude that x = x ■•■ 110: 

if x > 2600 ihen show SW at one-quarter vale with its lop left comer 50 units below the ton left comer of the screen 

else 

if x > 1 800 ihen show SW at half scale with its top left corner 50 units below the lop left corner of the screen 

create a bioprocess LUBP by cloninc UBP: 

make Hie subworkspace of LUBP transient: 

delete ihe subworkspace of LUBP: 

transfer LUBP to SW at (x. y >: 

l = random 1 20. 761: I a random (5. 25V. 

create a connection connected between LBP newly locating it at lop at the position civen bv t and LUBP newlv I 

ocating il at left at the position given by I with direction input, 
conclude that v a v ♦ 30: 

.ail CUEATL'-LiiCAL-UP-BP-PROC tUBP. LUBP. SW. wmi: 

return: 

conneci-routine: 

for C = each connection connected to l.BP do 

if there exists a connection UC connected to LUBP such that ( UC is ihe same object as C i then return 
b a random (20. If*): 
r a random (40. 51): 
p = x-rel-positioniLBP. LUBPi: 
if p > 0 ihen 

create a connection of class c-line connected between LBP newly locating it at bottom at the position civen bv b 
and LUBP newly locating it at right at the position civen bv r with direction input . with vertices 10 else ' 
if p < 0 then 

create a connection of class c-line connected between LBP new ly locating it at right at the position given bv r 
jnd LUBP newly locating it at boiiom at the position given by b with direction input : 
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Label 

Applicable class 

Condition 

Action 



an uscr-mcnu-choice 
navig-panel 
bioreservoir 

liic item has a name and the subworkspace of the item exist* 

start CREATE-DIRECTION-PANEL-CALLBACK (the item, this window) 



Label 

Applicable class 

Condition 

Action 



an user -menu-choice 
navig-panel 
bionool 

the bioreservoir superior to the workspace of the item has a name 
start CREATE DIRECTION-PANEL-CALLBACK (the bioreservoir of the biopost 
connected to the item, this window) 



Label 

Applicable class 

Condition 

Action 



an user-menu-choicc 
navig-panel 
biorole-objeci 
none 



start CREATEDIRECTION-PANEL-CALLBACK (the rel -bioreservoir superior 
to the workspxc of the item, this window) 



C n^ TE D,RECT,ON PANHL CALLBACK <* R: cla! " bioreservoir. win: class window) """ 
BRN: symbol = the name of BR: 

create a panel by cloning MASTER-NA VIG-DIRECTION-PANEL 
transter panel to the subworkspace of DIA I -OG-BIN 
SW s the subworkspace of panel: 

call SET-RADIO-BOX-ID-PROCC navip-direction". "IBIWl-NAVIG-DIRECTION-radio-box". SW winj 

create a panel-text FT: ' 

chance the text of FT lo "DIRECTION OF NAVIGATION FROM IBRN1"- 

transfer FT to SW at (0. I 10k ' 

call shrink-wrap-dialoct panel j: 

change the text of the related-item of panel to ' |BRN] ": 

show SW on win at (0. 0): 

return: 



TABLE 178 



S ok h:C T'? RECT,nN " CALLBACK lbmc>n: t,a " bullon - *"' n : cla« window" dte7iatt dbfc^» 
BK = the bioreservoir named bv the related-item of dl" " 
rb-id = call GET-RADIO-BOX-ID-PROC < "navig-direction". the subworkspace of die win)- 
type = call get-radio-box-valuo (dig, rb-id); 
call deleie-dialog (dig i: 

md = call creatJ-message-dialog ( "md". "Processing .... -. the svmbol extra-large, win. 0. 0) 

case ( type) ol r 
Upsu-eam ": panel = call CR EATF.- U PSTREAM -NA V1G-PA NEL-CALLB AC K f BR win)- 
Xmnstreum : panel = call CRKATE-DOWNSTREAM-NAVIG-PANEL-CALLBACK GSR. win, 

call delctc-dialog tdlg i: 

octet e nut: 



TABLE 179 



CREATE* ) WN STR EAM -N A V1G - PA NEL -C A LLB AC K (BR: class bio^servou^mT^ 
= (class entry -panel) 
BRN: symbol a the name of BR: 

if not (there exists a bioprocess that is a-down-bioprocess-of BR) then co to exit-routine 
panel * call clone-panel (MASTER-IX)WN-NAVIGATION-PANEL): 
chance the text of the related-item of panel to "|BRN| ": 
create a panel-text FT: 

change the text of FT to "DOWNSTREAM NAVIGATION PANEl FOR (BRN]" 

transler FT to the subworkspace of panel at (70. 360): 

call NAVIG-CREATE-DOWNSTREAM-L1STS PROC (BR. panel, win): 

DBPLs the hioprocesses-lisi that is the-dsnp-list-of panel: 

nuke panel permanent: 

create a text-list PSML: 

for DBP a each bioprocess that is a-down-bioprocess-of BR do 
for DBM = each biomodel thai is ilie-comainer-of-bp DBP do 

if DBM is not a bioreservoir-bin then insert "|the name of DBMI" at ihe end of the text li*t PSML 
call COMPLETE-NAV1G-PANEI .-CALLBACK (BR. PSML. panel. win) 
return panel: 
exit-routine: 

md = call crcate-messacc-dialog t 'md ". "There is »odown-bioprocessof|the name of BR]" 

'.lie symnoi extra- targe, win. o. Oi: 
return hid: 



'87 



WO 96/22575 



PCT/US96AW883 



TABLE 180 



NAVIG-CREATE-DOWNSTREAM-LISTS-PROC (BR: class bioreservoir. 
panel: class entry-panel, win: class window) 
if there exists a downsircam-bioproccsses-list that is ihc-dsbp-lisi-of panel then 
for BPL = each bioproccsscs-list dial is dic-dsbp-list-of panel do 
delete BPL: 

if there exists a downstream-bioreservoirs-list thai is thc-dsbr-lisl-of panel then 
for BRL = each downstrcam-biorcscrvoirs-lisi that is thc-dsbr-list-of panel do 
delete BRL: 
allow other processing: 
create adownsircam-biorcservoirs-lisi BRL: 
conclude that BRL is THE-DSBR-LIST-OF panel : 
transfer BRL to the subworkspace of safe-home-for-lists: 
create a downsiream-bioprocesscs-list BPL: 
conclude that BPL is THE-DSBP-L1ST-OF panel : 
transfer BPL to the subworkspace of safe-home-for-lists: 
insert BR at tlic end of the biorcscrvoir list BRL: 

if diere exists a biorcservoir DBR such dial (DBR is a-dnwnstream-bioreservoir-of BR> then 
for DBR = each biorcservoir that is a-downstrcam-bioreservoir-of BR do 
insert DBR at the end of the biorcservoir list BRL: 

tor DBP = each bioproccss that is a-down-bioproccss-of BR do 
insert DBP at the end of the bioproccss list BPL: 

if there exists a bioproccss DSBP such thai (DSBP is a-downsiream-bioprocess-of DBP) then 
for DSBP = each bioproccss that is a-downstream-bioproccss-ol DBP do 
insert DSBP at the end of the bioproccss list BPL: 
return: 



TABLE 1*1 



LIST-NAVIGATION-DBP-CALLBACK (button: class button, win: class window, 
panel: class entry-panel) 

SW = the subworkspace of panel : 

BRN= the rclaied-iicni of panel: 

BR= die biorcservoir named by BRN: 

BRL= die downsircam-hiorcscrvoirs-list thai is thc-dsbr-lisi-of panel : 
BPL = the downsircam-bioproccsses-list that is the-dsbp-list-of panel : 
S A = die scroll-area upon SW: 

if noi (there exists an uil-niessagc-objcei that is a-sclccted-uicssacc-ofS A > then 
co 10 no-enuy-rouiinc: 
create a bm-downstrcam-bp-siinulation-lisi DBPL: 
create a down-br-simulation-list DBRL: 

call NAVIG-READ-DOWN-SCROLL-PROC (BPL. BRL. DBPL. DBRL. win. panel c 
n = die number of elements in DBPL: 
conclude thai the lencht of DBPL = n: 
transfer DBPL to SW ai ( 100. 20): 
transfer DBRL to SW at 1 170. 20): 
de = call cet-obj-from-id ("de". panel): 
call disable-button (de): 
call disable-huuon (button): 
return: 
no-entry-routinc: 

md = call creatc-mcssaec-dialog ("ind". "No bioModel has been selected for d)is navigation. 

Click on die '.' button.' follow die instructions and click on LIST again", the symbol large ). 
win, 0. Oi: 
return: 
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NAVIG-READ-DOWN-SCRULL-PR(X: (BPL: class dowmucam-hiopriTs^li^T. B*Rl" 
class downstream-bioreservoirs-list. DBPL: class bm-downstream-bp-simulaiion-lisu 
DBRL: class down-br-simulation-lisi. win: class window, panel: class eiim-panel) 
SW = the subworkspace of panel: 

scroll-array =call get-selected-message (panel. "select-biomodel-scroU"): 
lor ST s each text in scroll-arrav do 

BMN = symbol (ST): 

BM s the biomodcl named bv BMN: 

conclude ihai BM is THE-NAVJGATED-BM-OF panel 

n = n+l: 

ii n = 1 then 
SBMT» ST else 

ii'n>lthen 

SBMT="[SBMT]. 1ST]": 
show the subworkspace of BM at three-quarter scale with its top risht comer 40 units below 

the top right comer of the screen: 
for DBR = each biorcservoir in BRL do 
allow other processing: 

£££ is 8R-CONTAINED-IN BM then insert DBR at the end of the bioreservoir list DBRL 
lor DBP = each bioprocess in BPL do 
allow inher processinc: 

if DBP is BP-CONTAINED-IN BM then insert DBP at the end of the bioprocess list DBPL 
change the name ol DBPL to symN)l("downstream«BP-within-|SBMT1 "): 
change the name of DBRL to svmbol("downsiream-BR-wiihin|SBMT] ") 
conclude that the rel-hiomodel of DBPL = "ISBMTJ": 
dr ■ call get-obj-trom-id ("dr". panel): 
cull enable-button <dr:. 
return: 



T.ABLE 183 



N *VIG-IJIIAW-DBP-CALLBACK <Nmon: class button, win: class item, panel: clas7en^"pai7l7"" 
w i: class kb-workspace = the subworkspace of panel: ' 
DBPL = the bm-downstream-bp-simulation-list upon \VS: 
S k %«" CREATE - N AVIG-PATH-TRACER-PRC)C ("downstream", panel, win): 
snow SW at three-quarter scale with its top left comer 50 units below the lop left comer of the screen 
BR * the bioreservoir named by the related-item of panel: 
it there exists a bioprocess that is a-down-bioprocess-of BR then 
BT = the biomodel-title upon SW: 

conclude that the label of BT = ~|ihe label of BT]: line label of BR|": 

change the status-color icon -color of BR to brown: 

x = the x-pos upon SW: 

y = the y-pos upon SW: 

conclude that x = - 50: 

conclude that y = 120: 

create a biorcservoir LBR hv clonine BR: 

delete the subworkspace of LBR: 

transfer LBR to SW at tx. vi: 

conclude that y » y - 40: 

for DBP » each bioprocess that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
allow other processing: 
conclude that x ■ x +*1 10: 
create a bioprocess LDBP bv eloninc DBP: 
delete the subworkspace of LDBP: " 
transfer LDBP to SW at (x. yi: 
r = random (3. 35): 
i = random 1 20. 76): 

create a cimnection connected between LBR newly locaunc it at rieht at the position eiven bv r 

and LDBP newly locaune it at top at the position given bv t with direction output 7 
conclude thai v = v - 40: ' 1 

call N A V IG-CRE ATE-L< XT AL-D BP-PROC ( DBP. LDBP. DBPL. SW. win) 
change the size of SW to minimum: 
call disable-button (button;, 
return: 
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NAVIG-CREATE-LOCAL-DBP-PROC (BP: class bioproccss. LBP: class bioproccss. DBPL: 
class hm-downstrcam-bp-simulation-list. SW: class workspace, win: class window i 

x = ihe x-pos upon SW: 
y = ihc y-pos upon SW: 

if there exists a bioreservoir that is a-down-biorcscrvoir-of BP then 
lor BR = each bioreservoir that is a-down-bioreservoir-of BP do 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
lor DBP = each bioprixxss that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 
if there exists a bioproccss MBP upon SW such that (the master- 
bioprocess of MBP = the masier-bioprocess of DBP) then 
LDBP = MBP: 

call CONNECT-EX1ST1NG-LOCAL-DBP-PROC (LBP, LDBP, win): 
else 

allow other processing: 
conclude thai x = x + 110: 

if x > 2600 then show SW at one-quarter scale with its top 
left corner 50 units below the top left corner of the 
screen else 

if x > 1800 then show SW at half scale with its top left 
corner 50 units below the top left corner of the 
screen: 

create a bioproccss LDBP by cloning DBP: 
delete the subworkspace of LDBP: " 
transfer LDBP to SW at ix. y). 
r = random (3. 35): 
t = random (20. 76): 

create a connection connected between LBP newly locating 

it at right at the position given by r and LDBP newly 

locating it at top at the position given by t with 

direction output: 
conclude that v = y - 40: 

call NAVIG-CREATE-LOCAL-DBP-PROC (DBP, LDBP. DBPL. SW. wtni: 

return: 



CONNECT-EXIST1NG-LOCAL-DBP-PROC (LBP: class bioproccss. LDBP: class ioproccss. 
win: class window) 

for C = each connection connected to LBP do 
if there exists a connection DC connected to LDBP such diat (DC is the 

same object as C) then return: 
b = random (20. 76): 
r = random (3. 35): 
p = x-rcl-position (LBP, LDBP): 
if p > 0 then 

create a connection of class c-linc connected between LBP newly locating it at right at the 
position given by r and LDBP newly locating it at bottom at the position given by h with direction 
output, with vertices 6 -60 else 
ifp<0then 

create a connection of class c-linc connected between LBP newly 
locating it at bottom at the position given by b and LDBP newly 
hxrating it at left 52 with direction output, with vertices -60: 
return: 
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it there exists a navig-path-iracer upon W'S then 
tor NT = each navig-path-iracer upon \VS do 
delete NT: 
if type = "downstream" then 

create a navie-paih-tracer NT by clontne M ASTER-DOWN-NA VIG-PATHW AY else 
11 type = "upstream" then 

create a navig-paih-iracer NT bv clonine MASTER-UP-N A VIG-PATHW AY- 
transfer NT to W'S at ( 130. - 85): * 
SW = the subworkspace of NT: 

show \VS on win with its bottom right comer at the bottom richt corner of the screen' 
call coniigure-path-tracer-proc (NT. wim: 
return SW: 



TABLE 186 



Sn^Jw^w! 0 -^^^ 1 -^^ <BR: C, « ^^^MLTdL t^st.^ ciLs7e;^nZ 
SW = ihe subworkspace of panel: 

sa = call creatc-scroll-area-from-lisi ( "seleci-biornodel-scroll". 5. PSML. panel 70 170) 
conclude that die allow-uitselect-on-selecied-messace of sa is true- 
conclude that the messaee-selection-meihod of sa is* the svmbol MESSAGE-SELECTION • 
conclude that ihe messaee-unselection-method ol sa is the svmbol MESSAGE-UNSELECTION- 
it there exists a text-pushbutton de upon SW such lhat (the id ol de = "de") then 

chance the text of the callback of de to "DELETE-ENTRY-PANEL-CALLBACK" 
chance the size ol panel to minimum 
show S W on win at the center of the screen: 



TABLE 187 

^^^^ 

l - > ' hCrC CX ' StS a ^ xl J u ^ b _ ullon & UP™ SW such that (ihe id of de = "de") then enable de: 

RESET-NAVIG-PROC (panel: class c-cmrv-pajielT 
SW : class kb-workspace * ihe subworkspace of panel: 
it there exists a biomodcl that is THE-NAVIGATED-BM-OF panel then 
lor BM = each hiomodel that is THE-NAVIGATED-BNM >F panel do 
allow other processing: 

chance the status-color icon-color of BM to lime-creeir 
conclude that BM is not THE-NAVIGATED-BNM )F panel 
ii there exists a navic-paih-tracer upon SW then 
lor NT = each navic-path-tracer upon SW do 
delete NT: 

if there exists a bioprocesses-list BPL upon SW then 
lor BP a each bioprocess in BPL do 
allow other processine: 
conclude thai ihe status of BP is available: 
change the status-color icon-color of BP to slate-blue - 
delete BPL: 

if there exists a bioreservoirs-list BRL upon SW then 
lor BR = each bioreservoir in BRL do 
allow other processing: 
conclude that the status of BR is available: 
chance die status-color icon-color of BR to rncdiunvaquamarinc- 
Uclete BRL: 

if there exists a lext-pushhuiion Is upon SW such that « the id of Is = "Is ") then enable is 
il there exists a text-pushbutton dr upon SW such that (the id of dr = "dr " > then disable dr: 

/ts 
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TABLE 1S8 



S1MUL-1N1T-CALLBACK (buuon: class buiton. win: class window, panel: class <eleetion-panel) 
call GENERAL-INIT-PROC twini: 
call SIAIUL-INIT-PROC (wini: 
return: 



ADD-SIMUL-CALLBACK (buuon. class uil-button. win: class window, panel: class selection-Danel) 
call SIMUL-1NIT-PROC (win i: 
return: 



SIMUL-INIT-PROC (win: class g2-windowj 
SW = the subworkspace of INITIALIZATION-PANEL; 
call SEND-NO-INPUT-MESSAGES (win): 
if there exists a sd-br-Iist upon SW then 
lor NL s each sd-br-list upon SW do 
delete NL: 

create a sd-br-list UNL: conclude that the label of UNL = "UNList": 
create a sd-br-list ANL: conclude that the label of ANL = "ANLisi": 
create a sd-br-lisi RNL: conclude that the label of RNL = "RNList' : 
create a sd-br-lisi DNL: conclude that the label of DNL = "DNList": 
lor BR = each bioreservoir do 
if BR has a name then 

SD = the scaling-density of the biopool upon the subworkspace of BR: 

if the set-hv-user of SD'is true then insert BR at tiie end of the bioreservoir list UNL 

else call SET-SCALLNG-DENSITY-PROC (BR. ANL RNL. DNL) 
transfer UNL to SW at I - 1 30. -235 ): 
transfer ANL to SW at < - SO. -235): 
transfer RNL to SW at «S0. -235k 
transfer UNL to SW at (110. -235 ). 

inform the operator that "The scums: of the scaling-density of all bioPools has been concluded"; 

chance the size of SW to minimum: 

return: 

SEND-NO- INPUT-MESSAGES (win. class item) 
for BR = each bioreservoir do 
exit if BR has no name: 

PO = the hiopool upon the subworkspace of BR: 

if not (there exists a hioproJuct connected to PO) and not (there exists a model-block M connected to PO) then 
create a message-dialog md. change the text of the message upon theSW of md to "The bioPool of | the name of BR| 
has no input * !! To model an input source: 1 Select create sw from the menu of the scaled-input-model-boxor the 
input-model-box ol this bioPool. as desired. 2. Add / connect / confiture an appropriate model-block" and show 
the SW ol md on the current window at (0. Oj. 
chance Hie text of the callback of the text-pushbutton upon the subworkspace of md to "DELETE-DIA LOG-CALLBACK: 

SET-SCALING-DENSITY-PROC (BR: class bioreservoir. ANL: class sd-br-list. RNL: class sd-bV-Ust 

DNL: class sd-br-list) 
PO = the biopool upon the subworkspace of BR: 
SDF. = ilie scaling-density of PO. 
if lite if-scaling-anioum of BR /= I (X) then 

insert BR at" the end of the bioreservoir list ANL: 
sa s the if-scalinc-amoum of BR: 

chance the text of the initial-value of the scaling-density of PO to ' [sa| ": 
make the scaling-density of Pt ) permanent: 

if the if-scaling-bioreservoir of BR is not none then so to conflict -routine: 
else 

if the if-scaline-bioreservoir of BR is not none then 
insert BR at the end of the bioreservoir list RNL; 

sr = the if-sealing-amuum of the bioreservoir named hv the if-scaline-bioreservoir of BR: 
chance the text of the initial-value of the scaling-density of PO to |sr|' : 
make the scaling-densitv of PO permanent: 
else 

il the il-sealinc-anuxint of BR =100 then 
insert BR at the end of the bioreservoir list DNL: 

chance the text of the initial-value of the scaling-density of PO (o 100.0 : 
make the scaling-densiry of PO permanent: 
return: 
conflict-routine: 

sr = the il-scalinc-amount of the bioreservoir named by the if-scalinc-bioreservoir of BR: 

if sa /= sr then inform the operator that The attributes il-scaling-amount and il scaling-bioreservoir of (the name of BR| 
have both values, which provide two conflicting scaling-density value* lor us bioPool: |sa) and |sr]. res|K\uvely 
The initial value of scaling-density has been set to |sa|. but it is recommended that the conflict is resolved, and tins 
value changed if desired.' . 
return: 
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long-SET-SCALING-DENSITY-PROC (B R: class bioreservoir, NSDL: * 
class biqreservoirs-list) 

4-if the set-by-uscr of the scaling-dcnsitv of the PO of BR is true then 
-si r return p heg^o '. 
""create a float-list LeL; 
define an internal float value SC; 
define an internal float value SD; 
for each bioproduct P connected to PO do 
create a float-list PL; 

for each symbol PREC in the scaling-precursors of P do: 
if the biorole-object R named by PREC is not an amplifier- 

bioreactant or an inhibilor.bioreactant and if the scaling-densitv 
of the biopool UPO connected to R /= 99.999 then 
insert the scaling-density of UPO at the end of PL; 
if the number of elements in PL >= 1 then 

insert the minimum float value in PL at the end of the float list LeL ; 
delete PL; 

if the number of elements in LeL >= 1 then: 

set SD equal to the maximum float value in LeL; 

go to set -routine; 
else if there exists a source-bioreactant connected to PO then: 

create a float-list TSL; 

for each source-bioreactant TS connected to PO do 
if TS is a SUBSTRATERand the MICHAELIS-CONSTANT of 
TS/=9.9e-99then 
insert the MICHAELIS-CONSTANT of TS at the end of TSL 
else if TS is an ION.R and the EQUILIBRIUM -CONSTANT of 
TS/=9.9e-99then 
insert the EQUILIBRIUM-CONSTANT of TS at the end of 
TSL; 

if the number of elements in TSL >= 1 then 

set SC equal to the average of all floats in TSL; 
else if there exists a binding-bioreactant R connected to PO such that 

the EQUnJBRIUM-DISSOCIATION-CONSTANT of 

R/=9.9e-99then: 
create a float-list TSL; 

for each binding-bioreactant Ts connected to PO do 
if the EQUILIBRIUM-DISSOCIATION-CONSTANT of 
Ts/=9.9e-99then 
insert the EQUILIBRIUM-DISSOCIATION-CONSTANT of Ts 
at the end of TSL; 
if the number of elements in TSL >= I then 
set SC equal to the average of all floats in TSL; 
ifSC/=O.Othen: 
SD = SC* 6.023e23 • top-volume-br(BR); 
go to set-routine; 
if LeL exists then delete LeL; 
return 



set -routine: 
if SD = 0.0 then 

insert BR at the end .of the bioreservoir list NSDL 
else ifSDA= 0.0 then 
if the scaling-density of PO = 99.999 then 

set the initial-value of the scaling-densitv of PO = the value of SD 
else if the scaling-density of PO /= 99.999'and the scaling-density of 
PO /= SD then inform the user, 
return 



ifs 
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an user-menu-choiee 
l-abel simul-panel 
Applicable class hioreserwtr 

Condition the jiom has a name and the subworkspace of the item exists 

Aciion siarl CREATE-INPUT-TYPE-CALLBACK ( the item. U>is window ) 



an user-menu-choice 
Label simul-panel 
Applicable class biopool 

Condition the bioreservoir superior to (he workspace of (he ilem lias a name 

Aciion sian CREATE-INPUTTYPE -CALLBACK 

I (he bioreservoir superior 10 (he workspace 01* the item, this window) 



an uxer-mcnu-choice 
simul-panel 
biorole-ohject 

(he bioposi connected to ilie item has a name 

sian CREATE- JNPUT TYPE CALLBACK (the bioreservoir named bv the 
ref -bioreservoir of Uw biopost connected to tlx item, this window) 

CRKATK-INPUT-TYPE-CALLBACK (BR: class bioreservoir. win: class window. 
WS = (he subworkspace of BR: 
BRN. symbol = the name of BR: 

it not I (here exists a biopnvess that is a-down-bioprocess-of BR) then 
so to cxii-rouiine: 
aciivaic the subworkspace of BR: 
It) = the biopool upon NVS: 

call CRKATE-DOWNSTREAM-LlSTS-PRt X.' iBR. wini: 
if P< ) is a sol-mol-pool or \K ) is a exp-coll-pool then 

panel = call clone-panel i SIMUL-C( )NCENTR.AT1( JN-INPUT-TYPE-PANEL ): 

SW = the subworkspace of panel: 

call SHT-RADIO-BOX-iD-PROC ( simul-conc ". "|BRN|-INPUT-'n'l , E-radio-bo\". SW. wi 
else 

panel = call clone-panel I SIMUI.-I^NSITY-INPL'T-TYPE-I'ANEL): 
SW s l he subworkspace of panel: 

call SKT-RADiO-BOXIDPROC < simul densitv \ -|BRN|-INPUT- 
TYPE-radio-box". SW. wini: 
create a panel-text FT: 

chariee the ie.\t of FT lo "INPUT TYPE FOR: |BRN|". 
transfer FT to SW at (I). 1 10): 
chanse the size of SW to minimum 
change (ho text of the related-item of panel to |BRN)" : 
show SW on win at Use center of the screen: 
return: 
CMt-rouiinc: 

md = call create-messace-dijlog I "md". "There is no down-bioprocess-of 

I the name of BRV'. the symbol exira-larje. win. 0. (I): 
return: 



CRKATE-DOWNSTRKA.M-IJSTS-PRtJC (BR: class hioie servoir. win: class window) 
if there exists a downstr«am-bioproce*scs-list that is tlie-downstream- 
bioproccsscs-Jisi.of BR liter. 

lor DBPL = each btoprocesses-list that is thc-downsircarn-bioproceises- 

list-ol BR do 
delete DBPL: 

il there exists a downstream-bioreservou's-list that is the-downstream- 
hioresorvoirs-list-of BR then 

for DBRL = each downstream-bioreservoirs-lisi that is ihe-dowastream- 

hioreservou-s-list-of BR do 
deleie BRL: 

if there exists an up-hioreservoirs-ltsi that is ihc-up-bioieservoiis-li<i-of BR then 
lor UBRL = each downsiream-hioreservous-iist that is thc-downstream-hioicscrvoirs-livi-of BR do 
delete UBRL 
allow outer processing: 
create j downstream-bioreservoirs-list DBRL: 
conclude that OBRL is ilie-downstream-bioreservoirs-liii-ol" BR: 
transler OBRL to the subworkspace of safe-home-for-tists: 
create a downstream-hioprocesses-list DBPL: 
conclude that DBPL is tne-ckwa<iream-hioproces>es-lisi-of BR: 
transfer DBPL to the subworkspace of safe-home- lor-lisis: 
create an-up-hioreservoirs-list UBRL: 
conclude that UBRL is the-up-btorescrvoirs-lisi-of BR: 
transfer UBRL to the subworkspace of sjfc-home-lor-lists; 
call FILL-BR-DOWNSTRF.AM-LISTS PR()C (BR OBRL. DBPL. DBRL. »mc 
return 



Label 

Applicable class 

Condition 

Aciion 
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S ffl& CT '. rNP V rT i >ANEL ' CALLBACK (bu,t0,,: c,ass bu «°»- w 'n : window, die: class diaioo 
BlU* - ttie related-item of dig: 

BR = the biorescrvoir named by BRN: 

WS s the subworkspace of die: 

rb-id = tali GET-RADIO-BOX-ID-PROC ( "simul -selection ". WS. win): 
type = call get-radio-box-vaiue (dig. rb-id): 
call dclete-dialog (dig): 

md = call create-messagc-dialog ("md ". "Processing ". the svmbol extra-large win 0 0) 

case (typei ot ' 
"one-iinic-concentraiion' : 
panel = call CRRATK-CONCINPUT-PAMEL-PRCXT (BR. win): 
one-itmc-densitv' : 

panel = call CREATE-DENSITY-INPUT-PANEL-PRfKT (BR. wim: 
one-tune-relative ": 

panel = call CREATE RELATlVE-lNPUT-PANEL-PRtXT (BR. win), 
periodic-concentration": 

panel = call CREATE-PERKJDIC-CONC-lNPUT-PANEL-PRfX: (BR. win r 
periodic-densitv": 

panel = call CREATE-PERIODIC-DENSITY-INPUT-PANEI.-PROC (BR. win) 
periodic-relative": 

panel= call CREATE-PERJOI)IC-REL\TIVE-INPUT PANEL-PRf)C (BR win) 
make panel permanent: 

change the text of the related-iiem of panel to "|BRN]": 
SW = the subworkspace of panel: 

if there exists a text-pushbutton de upon SW such thai (the id of de = de"^ then 

change the text of the callback of de lo DELETE-ENTR Y-PANKI.-CALLBACK" 
change the si/.e ol SW to minimum 
show SW on win at the center of the screen: 
return pane:, 
delete nui: 



TABLE 192 

COM^ETE-IN^ wi „ . class w m 

i v ia!» entry-panel i 

SW s the subworkspace of panel: 

BRN = the name of BR: 

create a text-list PSML: 

lor DBP = each hiormxess that is a-down-hioprocess-of BR do 

for DBM = each biontodel that is tlie-container-ol -hp DBP do 
if DBM is not a biorcscrvoir-bin then 
insert [the name of DBM) at the end of the text list PSML: 
>a = call creaie-scroll-area-trom-list ("select-bionuidel-scroll". 5. PSML panel 400 180) 
conclude that the allow-unseleci-on-sckvicd-nicssage of sa is true: 
conclude that the allow-niuliiplc-simultanrtHis-scleuions of sa is iroc: 
conclude that the allow-muliiple-smtultaneous-scleciions of sa is true- 
change the text of the uil-messagc-sclcction-nicthod to "message-selection ': 
change the text of the uil-message-unselection-niethod lo mcssaec-un.-vlceiion" 
il there exists a text-pushbutton de upon SW such that (the id of lie = dc") then 

change the text of the callback of dc to UELETEENTRY-PANEL-CALLBACK 
change ihe size ol SW u» minimum: 
;liow SW mi w in at tlte center of the screen: 
return panel: 



TABLE 19? 

C BR^n7^^ ™ *» --i— lass emry-pancl , 

panel = call clone-panel (MASTER-PERlODIC-RELATIVE-ENTRY-PANELi 
. SW s the subworkspace of panel: 
creaic a paiiel-iext FT and transfer FT to SW ai ( -20. 380): 
change ihe text of ihe id of panel to "|BRN]-periodic-relative-enir\--panel" 
change ihe text of FT lo "I PERIODIC RELATIVE INPUT FOR: |BRN| 
ac .7/j£i'«aie-pushbuiton ("ac". the symbol ACTIVATE-REI^TIVE-INPUT-CALLBACK 

ACTI\ ATE . panel. 490. 65): 
disable ac: 

sl f i'rf^-pu-'hbution i st ". ihe symbol START-PERIODlC-RELATlVE-LN'PUT-CAl LBACK 

START . panel. 140. d$r. 
Jisablc si: 
return panel: 
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HLL-BR-IXJWNSTREAM-USTS-PRCK; (BR: class bioreservoir. DBRL. class downsiream-bioreservotrs-list. DBPL. class 
downstream-hioproecsses-lisi. UBRL: class up-bioreservoirs-lisi. wm: class window i 
insert BR at flic end of the bioreservoir list DBRL: 

if (here exists a bioreservoir DBR such ilui (DBR is a-downsiream-hioreservoir-of BR) then 
for DBR = each bioreservoir thai is u-downstream-bioreservoir-of BR do 
insert DBR at the end of the bioreservoir list DBRL: 
if there exists a hioproccss DBP such llial (UDP is a-down-hioprocess-of BR) then 
lor DBF = each hioproeess that is a-down-bioprocess-ol'BR do 
insert DBP at the end of the bioprocess list DBPL: 

if there exists a hiopriH;ess DSBP such that t DSBP is a-downslream-hioprocess-of DBP) then 
for DSBP = each hioprocess that is a-downstream-hioprocess-of DBP do 
insert DSBP at the end of the hioprocess list DBPL. 
for FDBP = each hioprocess in DBPL do 
allow other processing: 

if there exists a btoreservoir that is an-up-hioreservoii-oi'FDBP then 
for UBR = each hioresorvoir that is an-up-biorescrvoir-of FDBP do 
if not (there exists a hioreservoir DBR in DBRI. such that (DBR is the same object as L'BR)) then 
insert L'BR at the end of the bioreservoir list UBRL; 

return: 



TABLE 195 



UST-SIMUI.-CALLBACK (button: class button, win: class window, panel: class entry -panel) 
S\V = the subworkspace of panel: 
SA = the scroll-area upon SW: 

if not (there exists an uil-message-ohjcct llial is a-selectcd-message-of SA) then 
«o to no-entry -routine: 
BRN = the related-item oi dig: 
BR = the bioreservoir named by BRN: 

DBRL = the downstreant-hiorcservoirs-list that is ilie-dowiistream-biorcservous-lisi of BR: 
DBPL = the downstrcam-bioproccsses-lisi that is ihe-downsiream-hioprocesses-lisi-of BR: 
UBRI. = the up-hioiescrvoirs-list that is ihe-up-hioreservoirs-list-of BR: 
create a hm-downslreain-hp-sinuilalion-lisl CDBI'L: 
create a down-hr-simulation-list CDBRL: 
create an up-hr-simulation-list CUBRL: 

call RF.AD-SCROLL-PROC (DBRL. DBPL. UBRL. CDBRL. CDBPL. CUBRL. wm.dlc): 
iranster CDBPL to SW at (395. 70i: 
transfer CDBRL to SW at (-35. 69): 
transfer CUBRL to SW at (53. 69 1: 

if there exists a text-pushbutton vie upon SW such that (the idol' de = "de") then disable de: 
disable button: 
return: 
no-cntry-routine: 

md = call uil-CTealc-mcssugc-dialog t"md". "No hioMiKlcl has been selected for tins simulation. Click on the '.' button lor 
ielp. follow the instructions and click on LIST again", w in. 0. 0): 
return: 



TABLE 197 



ACTIVATK-SI.MUI.ATU >N-PR< )C twin: class window, panel: class entry-panel i 
SW = the subworkspace of panel: 

DBPL = the hm-downslrcain-hp-simulalion-lisl upon SW": 
DBRL = the down-hr-sirnulalion-iisi upon SW: 
UBRL = the up-hr-simulaiion-tiM upon SW": 
M = the model-definition upon SW: 

BCB = tlie subworkspace of the c-basal-densitv-source-tracer upon SW 

User-BC = Hie user-hc-hr-hsi upon BCB: 

caU BMC )F-MODEL-PROC <M ): 

caU ACTIVATE-rvlODEL-PRlX." (DBPL. DBRL UBRL): 

change the text of the free-text upon BCB to "Sources of values lor Basal 

Concentration within: 1 1 he text of the items-beloncmc-to-ihis-modelof M]"; 
for DBR = each bioreservoir in DBRL do 

allow oilier processing: 

Pi > = ilie hiopool upon lite subworkspace of DBR: 

if the basal-densitv of PO /= y 9e-99 then insert DBR at the end of the bioreservoir list User-BC 
else call BASAL DENSITY-PRIX. - iDBR. panel): 
for UBR = each bioreservoir in UBRL do 
allow other processing: 

It > = the hiopool upon the subworkspace of UBR: 

if the hasal-dtfnsnv of IS ) /= 9 9c-99 then insert UBR at the end of the bioreservoir lisi User-BC 
else call BASAL-DENSITY-PKOC (L'BR. panel r. 
if there exists a icxt-pushbullon si upon SW such that (the id of si = "si " i ilicn 

disable st : 
return: 
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RF.AD-SCROLL-PROC (DBRL: class downsiream-bioreservoirs-lisi. DBPL: class downstream-bioprocesses-lisi. UBRL 
class up-hioreservoirs-lisi. CDBRL: class down-br-simulalion-lisi. CDBPL: class bm-downsircam-bp-simuiation-hsi. 
CUBRL: class up-br-simulation-lisi. win: class window, panel: class entry-panel) 

SW = the suhworkspace of panel: 

M = i lie model-definition upon SW: 

BRN = (lie rclaied-ilem ol' panel: 

ST. SBTM = text: 

n: integer »0: 

scroll-array = call get-sclecled-messacc (panel. "seleei-biomodel-seioin: 
for ST = each tcxi in scroil-arrav do * 

BMN = symbol! ST i: 

BM = the biomodel named bv BMN: 

conclude that BM is A-SIMULATED-BM-OF M: 

n = n ♦ 1 : 

il n = I then SBMT = ST else 

if n > 1 then SBMT » "| SBMTJ. |ST|"; 

,he SW 01 BM al »h«e<l"a«» scale *i'l> Hs lop right comer 40 units below ihe lop right corner of ihe screen 
lor DBR = each bioreservoir in DBRL do 

if DBR is BR-CONTAJNED-IN BM ihcn insert DBR at the end of (he bioreservoir list CDBRL 
conclude that Uie lencht of CDBRL = the number of elements in CDBRL: 
for DBP = each bioprocess in DBPL do 

if DBP is BP-CONTAINF.D-IN BM then 
insen DBP ai the end of the bioprocess list CDBPL: 
conclude Hut Ihe lenghi of CDBPL = the number of elements in CDBPL: 
lor UBR = each bioreservoir in UBRL do 

if L'BR is BR-CONTAJNF.D-IN BM then insert UBR at the end of the bioreservoir lisi CUBRL 
conclude that ihe lenghl of CUBRL = ihe number of elements in CUBRL: 
chance ihe text of the iicms-belonging-io-ihis-mudel of M to "|SBMT]": 
change the name ol CDBPL to svmbol <"BPs--downstream-of-|BRN|-within-|SBMTr) 
chance the name of CDBRL to symbol ("BRs-di>wnstream-of-|BRNl-within-| SBMTJ ') 
chance ihe name of CUBRL to svmbol ( "up-BRs.of-[BRN|-wiihin-|SBMT)")- 
conclude that the rel'-hiomoUel of CDBPL = "iSBMTI": 

if there exists a text-pushbutton ac upon SW such dial (the id of ac = "ac "(then enable ac 
return: 



TABLE 198 

ACT! VATESIMULATION-PROC < win: class window, panel: class entn- -panel) 
SW = (he suhworkspace of panel: 
DBPL s ihe bm-downsiream-bp-simulaiion-lisi upon SW: 
DBRL s the down-hr-simulation-lisi upon SW: 
UBRI. = the up-hr-simutation-lisi upon SW: 
M = ihe model-definition upon SW: 

BCB = the suhworkspace of the c-hasal-dcnsitv -source-tracer upon SW: 

User-BC = i lie uscr-bc-hr-list upon BCB: 

call BM-( >F-MODEL-PROC <M>: 

call ACTJVATE-MODF.L-PROC I DBPL DBRL UBRL): 

cnance ihe text of ihe free-text upon BCB lo "Sources ol values for Basal 

Concentration within: |ihe text of the ticnis-hcloncing-lo-lhis-modcl of M| ": 
lor DBR = each bioreservoir in DBRL do 

allow other processing: 

P< > ss ihe biopool upon the suhworkspace of DBR: 

if the basal-density of PO /= 9.9e-W then insert DBR at the end of the bioreservoir list User-BC 
else 

call BASAL-DENSITY-PROC (DBR. panel i: 
for L'BR = each bioreservoir in UBRL do 
allow oilier processing: 

P< ) = the biopool upon the suhworkspace of UBR: 

if the basal-densiry of PO /= 9.9e-99 then insert UBR at the end of ihe bioreservoir list User-BC 
else 

call BASAL-DENSITY-PROC (UBR. panel >: 
it there exists a icxi-pushbulton si upon SW mjcIi that l the id of si ="sl ") then disable st : 
reium: 

BM-OF MODEL-PROC. (M: class model-definition > 

if there exists a biomodel BM such that < BM is A-SIMUI.ATF.D-BM- ( )F Ml then 
for BM = each biomodel thai is A-SIMULATED-BM-OF M do 
chance ihe status-color icon-color of BM io brown: 

if there exists a biomodel BM1 such thai (BM) is BM-CONTALNED-IN BMi then 
for BM I = each biomodel (hat is BM-CONTAINED-IN BM do 
allow other processing 

conclude that BMI is A-SIMU1.ATF.D-BM < »F M: 
chance the status-color icon-color of BMI io brown: 
return: 
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ACTIVATE-MODEL-PROC (DBPL: class downstrcam-b[vsimulaiion-list. 
DBRL. class down-br-simulation-lisi. UBRL: class up-hr-simuluuon-liso 
lor DBP = each bioprocess in DBPL do 

allow other processing: 

activate the subworkspace ol" DBP. 

chance die status-color icon-color of DBP to brown: 

conclude thai die suuus of DBP is downstream-activated; 
for DBR = each bioreservoir in DBRL do 

allow odier processing: 

activate the subworkspace of DBR: 

change the status-color icon-color of DBR lo brown: 

conclude that ihe status of DBR is downstream-activated: 
for UBR = each bioreservoir in UBRL do 

allow other processing: 

exit if die status of UBR is downstream-activated: 
activate the subworkspace of UBR: 
cluinge the status-color icon-color of UBR to brown: 
conclude that die stilus of UBR is hack-acuvated: 
rcrum: 
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B ASAL-DENSITY-PROC (BR: class bioreservoir. die: class iteni» 
Pi ) = the biopix)! upon the S W of BR: 
BC = the basal-density of PO; 
top = ihc lop-container that is the-conttiiner-of-br BR; 
conclude dial ihc volume of top = die volume of top: 
BCB - die SW of die basal-dcnsity-source-tracer upon the SW of dig: 
if BR is a sol-mol-reservoir then: 
NBC - ihc normal-basal-conccniraiion of BR: 
if NBC /= 9.9e-99 then 
conclude thai ilie basal-density of P() = NBC * 6.023e23 * the volume of top: 
insert BR ai the end of the NBC-bc-hr-list upon BCB: 
return: 
else co to main-routine: 
else: 

NBD = the normal-hasal-densiiv of BR: 
if NBD /= 9.9e-99 ihen 
conclude that BC = NBD: 

insert BR at the end ol the NBD-bc-hr-list upon BCB: 
return: 
else so 10 iTiain-rouiine: 
rruiui- routine: 
if the scalinc-density of Pi ) = 99.999 ihen: 
insert BR at die end of the no-bc-hr-list upon BCB: 
return: 
else: 

AK - die scalinc-density of PO: 
if the scaled-basal-amount of BR /= 9.9e-99 then: 
conclude thai BC = SBA * AK: 

insert BR at die end of the SB A-bc-br-list upon BCB: 

return: 
else: 

case the physiol-abundnnce of BR is 
highest: conclude dial BC = 1 .0 * AK: 
abundant: conclude that BC = 0.9 * AK; 
steady-state: conclude thai BC = 0.5 * AK: 
low-induced: conclude that BC = 0.1 * AK: 
only-induced, conclude dial BC = I.Oe-9 * AK: 
insert BR at die end of the pab-bc-br-lisi upon BCB: 
return 
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START-CONC-INPUT-CALLBACK (button: class bution. win: class window, die: class dialog i 
P( ) = the biopool upon ihc subworkspace of ihc biorcscrvoir named by the related-item of dlgf 
top = the top-container thai is the-container-of-br Uie biorcscrvoir named by the related-itemof die: 
define two local float values V and EV. two quantity values t and incr. and one integer value ET: " 
set t = the cuTTent-simulation-iime of die: 
set incr = the current-simulation-iime-incremeni of die: 

set V equal to the quantity extracted from the value of the edit-box upon dig which id is "eone-enirv-value": 
set EV = V {molar} * 6.023e23 (molecules/liter) * the volume {liters per top-container) of lop: 
disable button; 

set ET equal to the quamtiv extracted from the value of the edit- box upon die which id is "entrv-iimc - : 

call START-SIMULATI()N-PR<)C twin, dig): 

wan until t >= ET checking every 1 second; 

conclude that the density-entry of P< ) = EV: 

wait until t >= ET + incr checking even- 1 second: 

conclude thai the density-entry of Pi ) = 0.0: 

ii t > ET+ incr then return 



START-DENSITY-INPUT-CALLBACK (button: class button, win: class window, dig: class dialog) 
P( ) = the biopool upon the subworkspace of the biorescnoir named by the related-item of dig: 
define a local float value EV. two quantity values l and incr. and an integer value ET: 
set t = the currciu-simulation-time of dig; 
set incr = the currem-siniulaiion-time-increment of dig: 

set EV equal to the quantity extracted from the value of the edit-box upon dig which id is "densitv-enirv-value" .' 
disable button: 

set ET euual to die quantitv extracted from the value of the edit-box upon die which id is "cntrv-umc": 

call START-S IMULATH >N-PR()C ( win. dig i: 

wait until t >= ET checking even 1 second: 

conclude that the density-entry of P( > = EV: 

wait until t >= ET+ incr checking every 1 second: 

conclude thai the density-entry of P( ) = 0.0: 

if t > ET + incr then return 



START-RELATIVE-INPUT-CALLBACK (button: class button, win: class window, dig: class dialog) 
BR: = the bioreservoir named by die related-iiem of dig: 

PO = the biopool upon the subworkspace of the bioreservoir named by the related-item of dig: 

define a local float EV. two quantities t and incr. and an integer ET: 

set t = the current-simulaiion-tiiue of dig: 

set incr = ihe curreni-simulation-iimc-incremcnt of dig: 

set EV equal to the quaintly extracteJ from the value of the edit-box upon dig which idis "facior-cntrv-valuc" . 
disable button: 

set ET equal to the quantitv extracted from the value of the edit-box upon din which id is "entn -nine": 

call START-S1MULATK )N-PR< K i win. dig): 

wait until t >= ET checking even 1 second: " 

conclude that the scaled-entry of Pi > = EV: 

wait until t >=ET+ incr checking every 1 second: 

conclude that the scaled-entry of Pt ) = 0.0: 

ii t > ET+ incr then return 
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START- PERK )DIC-C( )NC-INPUT-CALLBACK < button: class button, win: class window, die: class dialog ■ 
Pi ) = the biopool upon ihe subworkspace of the biorcscrvoir named by the related-iiem of dig": 
define two local float s V and EV. two quantities t and incr, and four integers ET. EI. EF. and iu 
set i = ihe curreni-simulaiion-time of dig: 
set incr = the current-simulaiion-iimc-incrcincm of dig: 

set V equal to the quantity extracted from the value of the edit-box upon dig which id is "cone -enirv- value ". 
set EV = V {molar} *6.023e23 {molecules/liter) * the volume { liters per fop-eotuauicr} oi top; 
disable button: 

set ET equal to the quantity extracted from the value of ihe edit-box upon dig which id is ■"entry-time": 

set EF equal to the quantity extracted from ihe value of the edit-box upon dig which id is "cniry-irequeiicv". 

set El equal to the quantitv extracted from the value of the edit-box upon die which id is "entrv-inierval 

call START-SIMULATION-PROC ( win. dig); 

wait until t >= ET checking even 1 second: * 

conclude that the density-entry of P( > = EV: 

wan until t >= ET + incr checking every I second: 

conclude that the dcnstiy-eniry of P( ) = 0.0: 

lor n = I to EF - I do 

wan until t >= ET ♦ El * n checking every I second: 

conclude that the dcnsiiy-cniry of P< > = EV: 

wan until t >= ET + El * n -t- mcr checking every I second: 

conclude thai the density-entry of P( > = 0.0: 

ii i > ET + El * n + mention return: 
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START-SIMULATION-PROC (win: class window, panel: class entry-panel i 
M = the model-definition upon ilie suhworkspacc of panel: 
BRN: symbol = the related-item of panel: 

if there exists a text-pushbutton pa upon S\V such thai (the id of pa = "pa ") then enable pa : 
call start-model (M): 

it the model-simulauon-status of M is running then 

sd = call uil-crcate-message-dialog ("sd". "The simulation starunji from\ [BRN] and within 
|the text of the items-beloncinsMo-this-modcl of MJ has started at (the current time as a 
time stampl". win. 0. ()»: 



TABLE 2<U 



MODEL-SIM ULATION-PROC ( ) 
M = call e2-get-currcni-model-definiuon ( i: 
if the item superior to the workspace of M is a entry-panel then 
EP = the entry-panel superior to the workspace of M: 
conclude thai the current-simulation-time of EP is equal to the model- 

simululion-iimc of M. 
conclude that the current-siinulation-time-incremeni of EP is equal lo the 
nuxlel-simulation-time-incrcmeni of M: 
{if attribute-x >= y then 
call 22-sct-modei-simulation-tinie (M. n>: 
call g2-sei-m<xJel-simulauon-tinte-iiKTemcni (M. m):} 
(if atiribute-x2 >= \2 then 
Z2. n2. ni2 = call cont-niodel-pnx: (atiributc-x2): 
call e2-set-model-siniulaiion-time (Z2. n2>: 
call g2-set-nuxlel-simulalion-iime-increment (Z2. m2): 
call e2-stan-model (Z2):> 
start COMPUTE-GRAPH-TRANSFORMS-PROC ( i: 
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PAUSE-SIMULA TION-CALLBACK (button: class uil-butum. win: class window, 
panel : class entry -panel ) 

SW = the workspace of button: 

M = the model -definition upon SW: 

call e2-pause-model (M>: 

if there exists a text-pushbutton nn upon SW such that (the id ot rm = rni ") Men enable nn . 
disable button : 



RESUME-SIMULATION-CALLBACK (button: class uil-button. win: class window, 
panel: class entry-panel ) 

SW = the workspace of button: 

M = the model -definition upon SW: 

call c2-rcsumc-n)odel (M): 

if there exists a text-pushbutton pa upon SW such that (the id of pa ="pa ") then enable pa : 
disable button : 
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COMPUTE-GRAPH-TRANSFORMS-PROC ( ) 

GT: class graph-tracer: 
S\V: class kb-workspaee: 
TF: class uansf-factor-var: 
T: class graph-transf-var: 
C: class variablc-or-paramcicr: 



l or each graph-tracer GT do 

if there is a bionodc-object BO connected to GT and GT has a SW 
then 

tor each transf-factor-var TF upon SW do 

if BO is a biopooUhcn 
case the class of TF of 
scalcd-conc-iransl -factor: C = the scaled-amount of BO: 
input-transf-factor : C = the input-rate of BO: 

output-transf-factor : C = the output-rate of BO: 

accum-transf-faeior : C = the accumulation-rate of BO: 

density-transf-factor : C = the density of BO: 

else if BO is a biocngine and the transf-factor-var upon SW is a 
velocity-transf-facior then C = the vclocitv of BO: 

conclude that the transform of TF = 

i if C <= 1 .Oc-9 then C * 1 .0c9 else (if C <= 1 .Oe-8 then C * 1 .0e8 else 
( if C <= 1 .Oc-7 then C * 1 .0e7 else (if C <= 1 .Oe-6 then C * 1 .0e6 else 
(itC<= l.0o-5thenC* 1.0e5 else (if C <= 1.0e-4thenC* 1.0c4clse 
(it C <= J .0e-3 then C * 1.0e3 else (if C <= 1 .0e-2 then C * 1 .0e2 else 
( if C <= 1 .0c- 1 then C * 1 .0c 1 else (if C <= 1 .0 then C * 1 .0 else 
iil C<= I.OcI then C * l.0c-l clse(ifC<= I.Oo2thenC * 1.0e-2clsc 
( if C <= 1 .0c3 then C * 1 .0e-3 else (if C <= 1 .0e4 then C * I .Oe-4 else 
( if C <= 1 .0e5 then C * 1 .0e-5 else ( if C <= 1 .0e6 then C * 1 .Oe-6 else 
( il C <= 1 .0c7 then C * 1 .Oc-7 else (if C <= 1 .0c8 then C * I .Oc-8 else 
« if Cos i.0e9thenC * 1.0e-9elsc(ifC<= l.OclOthcn C*l .Oc-IOelse 
< if C <= I .0c 1 1 then C*l .Oc-I I else ( if C<=l .Oe 1 2 then C* 1 .Oe- 1 2 else 
(il C<=l.0el3 thenC *1.0c-l3clse(ifC<=1.0el4thenC*1.0e-14clse 
( if C<= 1 .Oe 1 5 then C* I .()c- ] 5 else ( if C<= 1 .Oe 1 6 then C* 1 .Oe- 16 else 
( il C<=l .Oo 1 7 then C* 1 .Oe- 1 7 else < if C<= I .Oe 1 8 then C* I .Oe- 1 8 else 
ulC<= I.Oel9thenC* I .Oe- 19 else 1 .0e20)))))))»))))»)))»)))»)))>: 
conclude thai TF = 

( if C <= 1 ,0c-9 then 1 .0c9 else (if C <= I .Oe-8 then 1 .0c8 else 
i if C <= 1 .0e-7 then 1 .0c7 else (if C <= 1 .Oe-6 then 1 .0e6 else 
(it C <= 1 .Oe-5 then 1 .0c5 else (if C <= I .Oc-4 then 1 .0e4 else 
(if C <= 1.0e-3 then 1.0e3 else (if C <= 1.0e-2 then 1.0e2 else 
(ifC <= I.Oc-1 then I.Oel clsc(ifC<= 1.0 then 1.0 else 
(ifC<= l.Oel then 1.0c- 1 clse(ifC<= 1.0e2 then l.0e-2elsc 
(if C <= 1 .0e3 then 1 .Oc-3 else (if C <= 1 .0e4 then 1.0c -4 else 
(if C <= 1.0e5 then 1.0c-5 else (if C <= I .0e6 then 1.0c-6else 
(ifC<= I.0e7 then 1 .0e-7 else (if C <= I.0c8thcn I .Oe-8 else 
<ifC<= 1.0e9 then I .Oe-9 else (if C <= I.OelOthcn I.Oe-lOelsc 
(ifC<= I.Oel I then 1 .Oe-I I clse(ifC<= l.Oel 2 then I. Oe- 12 else 
(ifC<= l.Oel? then l.0e-13 else (if C <= l.Oel 4 then 1. Oe-I 4 else 
(ifC<= l.OcIS then 1 .Oc-15 else (if C <= I.0cl6thcn 1.0e-16clsc 
(il C <= I.Oel 7 then I .Oe- 1 7 else ( if C <= 1 .Oe 1 8 then I .Oc- 1 8 else 
(il C<= I.0el9thcn I.0c-I9else 1 .0c20»)>»)»)»))»))l»)»))»>i 
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an user-mcnu-choice 
Label show-s. graph 

Applicable class hiorcservoir 

Condition the subworkspace of Ute scaled-br-graph-tracer upon the subworkspace ol the 

item does 1101 exist 
Action in order 

start SCALED-BR-TRANSF-GRAPH-PROC (the scaled-br-graph-tracer upon the 

subworkspace ol the item, this window) and 
create a min- rev-display T and 
chance the text ol" T to "G" and 

transfer T to the workspace of the item at (middle-x (the item) - 29. middle- y (the item) + (S> 

SCALED- BR-GRAPH-PROC (tracer: class scaled-hr-groph-tracer. win: class window » 
BR = die hioreservoir superior to the workspace ol tracer: 
if the subworkspace of tracer exists then 

show the subworkspace of tracer on Win with its top right comer 35 units below the lop rinht 
comer of the screen 
else 

create a workspace SW by cloning the subworkspace of SCALED- BR-TRANSF-GRAPH-M ASTER: 
G = the graph upon SW; 

change the text of the label-lo-dispiay of G to "| the name of BR1": 
change the size of SW to minimum: 

show SW on Win with its top right corner 35 units below the lop right comer of the screen: 
make SW the subworkspace of tracer: 
for TF = each transf- factor- var upon SW ao 
chance the text of the ret -variable of TF to "[the name of BR1": 
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( )ptions 
Names 

Tracing :uid breakpoints 
Data type 
Initial value 
Last recorded value 
History keeping spec 

points = 3 
Validity interval 
Formula 

Simulation details 

Initial value for simulation 

Data server 

Default update interval 

Transform 

Rel v:triable 

Label 

X 



a velocity-transl-factor 

do not forward chain, breadlh first backward chain 
none 
default 
float 
0.0 

0.0. valid indefinitely 

keep history with maximum number of data 



supplied 
none 

no simulation formula yet 
default 

inference engine 

3 seconds 

0.0 

none 

velocity 

x 
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an user- menu-choice 

Label hide-s. graph 

Applicable class bioreservoir 

Condition the subworkspace of die scaled-br-graph-tracer upon the subworkspace of the item exists 

Action in order 

delete die subworkspace of the scaled-br-craph-iraccr upon the subworkspace of the item 

and delete the min-rcv-display nearest to the item 
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RESET-SIMULATION-CALLBACK (button: class uil-button. win: class window, panel: class 
entry-pane!) 

M = the model-definition upon the workspace of button: 
call g2-rcsct-modcl (M): 

conclude that the current-simulation-time of dig = ().(): 
conclude that the currem-simulaiion-iime-increhicnt of die = l).U: 
call RESET-PROC (M. dig): 
allow other processing: 

if there exists a text-pushbutton st upon SW such that (the id of st = "si ") then disable st : 
if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then disable pa: 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "mi") then disable rm: 
il Uiere exists a text-pushbutton dc upon SW such that (tlie id ol de = "de") then disable de: 



RESET-PROC (M: class model-definition, panel: class cntrv-panel) 
SW = the subworkspace of panel: 

il there exists a hiomodel lhai is A-SIMULATED-BM-OF M then 
lor BM = each biomodcl that is A-SIMULATED-BM-OF M do 
allow other processing: 

change the status-color icon-color of BM to medium-aquamarine: 
conclude that BM is not A-SIMULATED-BM-OF M: 
if there exists a bm-downsircam-hp-simulation-list CDBPL upon SW then 
for DBP = each bioproccss in CDBPL do 
allow other processing: 

change the status-color icon-color of DBP to slate-blue: 
conclude that Uic status of DBP is available: 
deactivate the subworkspace of DBP: 
delete DBPL: 

if there exists a down-br-siniulaiion-list CDBRL upon SW then 
for DBR = each hioreservoir in CDBRL do 
allow other processing: 
deactivate the subworkspace of DBR: 

change the status-color icon-color of DBR to medium-aquamarine: 
conclude that Uic status ol' DBR is available: 
delete CDBRL: 
il there exists a up-hr-simulation-list UBRL upon SW then 
for U BR = each biorescrvoir in UBRL do 
allow other processing: 
deactivate the subworkspace of UBR: 

change the status-color icon-color of UBR to medium-aquamarine: 
conclude that the status of UBR is available: 
delete UBRL: 
allow other processing: 

if there exists a text-pushbutton Is upon SW such that (the id of Is = "Is") then enable Is- 
il there exists a text-pushbutton ac upon SW such that (the id of ac - "ac") then disable ac 
return 



ao<r 
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ALT-CRKATE-CONC-INPUT-PANEL-PROC (BR: class bioreservoir. win . class window) = (class cntry.panel p 
panel = call clone-panel ( MASTER-ALT-C( )NCENTRATI( >N-ENTR Y-PANELi: 
SW = the subworkspace of panel: 

chance the text of (lie user-restrictions of SW to "unless in uil-huild mode: 

menu chokes lor workspace include: hide-workspace. shrink-wrap. 

non-menu choices for kh-workspaee include: scale-workspace, show. workspace . 
move-workspace, move-workspaces-beyond-window-margin: 

attributes visible lor 'th-workspaee include: nothing": 
create a panel-text FT: 
transfer FT to SW ai < -20. 300): 

chanee the text of the id of panel to "[BRN|-conc-eniry -panel": 

chance the text of FT to " 1 . CONCENTRATION INPUT FOR: (the name of BR|": 

st = Jail cTeate-pushhuiion i "si", the symbol ALT-START-CONC-INPUT-CALLBACK."START". panel. 1 38. 60 1: 
disable sr. 
return panel: 
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ALT-UST-SIMUL-CALLBACK( button: class button, win: class window, panel : class entry -panel ) 
SA = the uil-scroll-area upon the subworkspace of die: 
BR = the bioreservoir named by the related-item of dig: 

BRI.= thedownstream-hioreservoirs-lisi that is the-downsueam-bioresen'ou-s-lisi-of BR: 

BPI. = i lie downsireain-hioproeesses-list that is Ihe-downstream-hioproeesses-lisi-of BR: 

if not Mliere exists an uil-message-ohiect that is a-selected-messaae-oi SA) then go to no-entry-rouiine: 

create a bm-downstream-hp-sunulaiion-list DBPL: 

create a down-br-simulation-list DBRL: 

create an up-hr-simulalion-list UBRL: 

call ALT-READ-SCROLL-PROClBPL. BRL. DBPL. DBRL. UBRL. in. dig): 
transfer DBPL to the subworkspace of dlgat 1 395. 70): 
transfer DBRL to the subworkspace of dlcat ( -35. 69): 
transfer UBRL to the subworkspace of dlcat 1 53. 69): 

if there exists a text -pushbutton de upon llie subworkspace of dlcsuch that (the id of dc = "dc") then disable de: 

disable button: 

return: 

no-oniry-routine: 

md = call create-messace-Jialoc ("md". "No hioModel has been selected for this simulation Click on the 7 button 

for help, follow the instrucuons and click on LIST again . win. 0. 0: 
return: 
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Al.T-READ-SCROLL-PROC (BPL. class downstream-biopnx:esses-list. BRL: ela>s downstream-hioreservoirs-iisi. DBPL: class 
hm-Uownstrcam-bp-simulalion-list. DBRL: class down-br-simutalion-lisl. UBRL. class up-hr-simulalion-list. win: clxss window . 
panel: class entry-panel) 
>cToll-array = call cet-seleeted-message (panel. "select-hiomodel-seroir): 
for ST = each text in scroll-arrav do 
BMN = symbol iSTi: 
BM = the hiomodcl named bv BMN: 
conclude that BM t, A-SIMULATF.D-BM OF M 
n = n * 1 . 

it n = I then SBMT = ST else 

it n > I then SBMT = "|SBMT|. |ST1": 

>liow tlie subworkspace of BM at three-quarter scale with its top right corner 40 units below the top right corner of the screen, 
for DBR = each bioreservoir in BRL do 
allow oilier processinc: 

if DBR is BR-CONTAINED-IN BM then insert DBR at the end of the bioreservoir list DBRL: 
conclude that the lencht of DBRL = the number of elements in DBRL: 
for DBP = each bioprocess in BPL do 

allow other processing. 

if DBP is B P-CC )NTA IN EDI N BM then insert DBP at the end of the bioprocess list DBPL: 
conclude that the lenahi of DBPL = the number of elements in DBPL; 
lor FDBP = each bioprocess in DBPL do 

allow oilier processing: 

if there exists a bioreservoir that is an-up-bioreservoir-of FDBP then 
lor UBR = each bioreservoir dial is an-up-bioreservoir-of FDBP do 

if not (there exists a bioreservoir DBR in DBRL such that (DBR is the same object as UBR)) then 
insert UBR at the end of the bioreservoir list UBRL: 
conclude that the lenahi of UBRL = the number of elements in UBRL: 

chanae the name of DBPL lo symbol ("BPs-downsiream-ol-|the related-item of panel)-within-|SBMTT'): 
chance the name of DBRL lo symnoU"BRs-downsireanvoi-|ihe related-item ot pancl)-wiihin |SBMT|"): 
chance the name of UBRL to svmholi' up-BRs-of-|ihe relatcd-iiemoi panel|-within-|SBMT]"i: 
conclude that the rel-hiomodel of DBPL = |SBMTT ; 

:t there exists a text-pushbutton dr upon SW* such that (the id of dr ="dr") then enable dr: 
return: 
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SI.MUL-DUAW-DBP-CALLBACK (buiion: class buiion. win: class item, panel: class entry-panel i 
WS = ilic subworkspace ol panel. 

DBPl. = Hie bm-downsiieam-bp-simulation-list upon WS: 

BR = tho hioreservoir named by ihe related-item of panel: 

if ihcre exists a bioprocess that is a-down-bioprocess-of BR then 

il' there exists a c-neural-path-iracer upon WS then 

lor NT - each c-neural-palh-(racer upon WS do 
delete NT: 

create a c-neural-path-tracer NT bv cloninc masier-neuro-pathwav: 
transfer NT to WS at (510. 2 l X)): ' 
SW = the subworkspace of NT: 
BT s Hie biomodd-tiitc upon SW: 

conclude that the label ol' BT = "|ihe label of BT]: |ihe label of BR]": 

show SW at three-quarter scale w ith its top leu corner 50 units below the top left corner of the screen- 
call CC >NFIGURE-PATH-TRACER-PROC (NT. win); 
x = the x-pos upon SW; conclude that x = -300: 
y = the y-pos upon SW: conclude that y m 20: 

create a hioreservoir LBR by cloning BR: activate the subworkspace ol LBR: 
W > e the hiopool upon the subworkspace ot" LBR: 
cTeate a panel-text Tl: 

change the text ot" Tl to "(the master-bioreservoir of LBR]": 
iransier Tl to BRW at <middle-x (POi. middle-v (PO) - 80 »: 
iransier LBR to SW at < x. y ): 
conclude that v = v - 40: 

call SIMUL-CREATE-LOCAL BP-PROC (BR. LBR. WS. SW. wini. 
tor NBP = each bioprocess upon SW do 
MBP = the bioprocess named by the mastor-bioproccss ol NBP: 
it there exists a hioreservoir that is an-up-hiorcservoir-of MBP then 
call SIMUL-CREATF.-UP-LOCAL-BR-PROC (NBP. MBP. WS. SW. win): 
call ALT-ACTIVATE-SIMULATION-PROC (panel, wini: 
change the size ol SW to minimum: 
disable button : 

il there exists a text-puslibutton si upon SW such thai (the id ot st = si ) then disable s: 
return: 



TABLE 215 

SIMUL-CRKATE-LOCAL-BP-PROC (BR: class hioreservoir. LBR: class 
hioreservoir. WS: class workspace. SW: class workspace, win: class window i 
DBPL = the bm-downsircam-bp-simulation-list upon WS: 
x = the x-pos upon SW: y = the y-pos upon SW: 
if there exists a bioprocess that is a-down-bioprocess-of BR then 
lor DBP s each bioprocess that is a-down-bioprocess-of BR do 
if DBP is a member of the bioprocess list DBPL then 

if there exists a bioprocess MBP upon SW such that (the master-hioprocess of MBP = 
the masier-hioprocess of DBP i then 
I.DBl's MBP. 
jo to conncci-BP-rouune. 
else 

conclude that x a x + 1 10: 

create a bioprocess LDBP by cloning DBP: 

activate the subworkspace ol LDBP: 

transfer LDBP to SW at ix. y>: 

r a random (3. 35): t a random (20. 76): 

create a connection connected between LBR newly locating it at richt at the position riven bv r and LDBP uewiv 

locating it at top at the position given by t with direction output: * * 
conclude that v = v • 40: 

call S1MUI.-CREATE-LOCAL-BR-PROC (DBP. LDBP. WS. SW. wim: 
return: 
connect-BP-routinc: 

tor C = each connection connected to LBR do 

if there exists a connection DC connected to LDBP such that i l>C is the same object as Ci then return 
t = random (20. 76): r = random (3. 35): 
p= x-rei-posiijon<l~BR. LDBPi: 
if p > 0 then 

create a connection of class c-line connected between LBR new ly locating it at right at the position civen bv i and LDBP 
newly locating it at bottom at the position given bv t with direction output, with vertices 6 -60 else 
ifp<0tlwn 

create a connect urn ol" class c-line connected between LBR newly locating it at bottom ai the position given In i anJ 
LDBP newlv locatinc it at left 52 with direction output, with vertices -60: 
call SlMUI.-CRKATE-L(iCAL BR-PRf )C (DBP. LDBP. WS. SW.wini: 
return 
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SIMUL-CREATE-LOCAL-BR-PROC (BP: class bioprocess. LBP: class 
bioprocess. WS: class workspace. SW: class workspace, win: class window) 

DBRL = the down-br-simulaiion-list upon WS: 
x « die x-pos upon SW; 
y = the y-pos upon SW; 

if ihcrc exists a biorescrvoir that is a-down-hioreservoir-of BP then 
lor DBR = each biorescrvoir dial is a-down-bioreservoir-of BP do 
if DBR is a member of the biorcservoir list DBRL then 
if there exists a biorcservoir MBR upon SW such thai (the master- 
bioreservoir of MBR = the mastcr-bioreservoir of DBR> then 
LDBR = MBR: 
so to conncci-BR-routinc: 
else 

allow other processing: 
conclude Dial x = x +*1 10: 

if x > 2400 then show SW at one-quarter scale with its top left comer 
50 units below the top left corner of the screen else 

if x > 1400 and x < 2400 then show SW at hair scale with its top left 
comer 50 units below die top left corner oi the screen: 

create a biorcservoir LDBR bv clonine DBR: 

BRW = the subworkspace of LDBR: ~ 

PO = the hiopool upon BRW: 

create a panel-text TI: 

change the text of TI to "(the mastcr-bioreservoir of LDBR]": 
transfer Tl to BRW at (middle-x (PO). middlc-y (PO) - 80): 
change the size of BRW to minimum: 
transfer LDBR to SW at (x, yy. 
r = random (3, 35): 
t = random (20. 76;: 

create a connection connected between LBP newiv lixatine it at richt 
at die position given by r and LDBR newly locating it at top at the 
position given by t with direction output: 
conclude that v = v - 40: 

call S1MUL-CREATE-LOCAL-BP-PROC (DBR. LDBR. WS. SW. 
win >: 
return: 

connect-BR-roulinc: 

lor C = each connection connected to LBP do 

if there exists a connection DC connected to LDBR such that (DC is the 

same object as C) Uien return: 
l = random (20. 76): 
r = random (3. 35): 
p = x-rel-posiiion (LBP. LDBR): 
if p > 0 then 

create a connection of class c-line connected between LBP ncwlv 

locating it at right at die position given by r and LDBR newly 
locating it at bottom at die position given by t with direction output, 
with vertices 6 -60 else 
if p < 0 then 

create a connection of class c-linc connected between LBP newly 
locating it at bottom at the position given by t and LDBR newly 
localinc it at left 52 with direction output, with vertices -60: 
call SIMUL-CREATE-LOCAL-BP-PROC (DBR. LDBR. WS. SW. win), 
return 
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S1MUL-CREATE-UP-L<)CAL-BR-PR()C (NBP: class bioprocess . MBP: class bioprocess. \VS: 
class workspace. S\V: class workspace, win: class window) 

UBRL = the up-br-simulation-list upon WS: 
x = the x-pos upon SW; 
y = the y-pos upon SW: 
conclude that x = the iiem-x-posiiion of NBP: 
conclude thai Y = the item-y -position of NBP + 200: 
for UBK = each bioreservoj'r that is an-up-bioreservoir-of MBP do 
if UBR is a member of the bioreservoir list UBRL then 
if there exists a biorescrvoir MBR upon SW such lhat (the master- 
bioreservoir of MBR = the master-hioreservoir of UBR) then 
LUBR - MBR: 
go to conneci-BR-rouiine: 
else 

allow other processing: 

conclude thai x = x +*1 10: 

create a bioreservoir LUBR by cloning UBR: 

activate the subworkspace of LUBR: 

BRW = the subworkspace of LUBR: 

PO a the biopool upon BRW: 

create a panel-text Tl: 

chance the text of Tl to "line master-bioreservoir of LUBR|": 
transfer Tl to BRW at imiddle-x <P(». middle -y tW» - 80): 
chance the size of BRW to minimum: 
transfer LUBR to SW at ( x. y i: 
r = random (3. 35): 
l = random 1 20. 76): 

.create a connection connected between NBP newly locating it at bottom at the position given by 

l and LUBR newly locating it at top at the position given by t with direction output: 
conclude lhat y = y • 40 
return: 
conncct-BR-rouiiiK': 
for C = each connection connected to NBP Uo 

if there exists a connection I XT connected to LUBR such thai (DC is the same object as C) then return: 
t= random (20. 76): 
r «= random <3. 35): 
p * x-rel-position (NBP. LUBR): 
if p > 0 then 

create a connection of class c-line connected between NBP newly locating it at right at the 
position given by r and LUBR newly locating it at bottom at the position given by t with 
direction output! with vertices 6 -60 else 
if p <0 then 

create a connection of class c-line connected between NBP newly locating it at bottom at the 
position given by t and LUBR newly locating it at left 52 with direction output, with vertices -60: 
return: 
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THE-BIOPOOL-OF-R 
First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is symmetric'.' 



biopool 

bioreactant 

the-biopoot-oi-R 

a-biorcactam-of 

one-to-mairy 

no 



THE-BI()P(.X>L-OF-P 
First class 
Second class 
Relation name 
Inverse of relation 
Type of relation 
Relation is svmmeinc'.' 



biopool 

bioproduct 

the- biopool -of-P 

a-bioproduct-of 

one-to-many 

no 
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ALT-ACTIVATE-SIMULATiON-PROC (panel: class entry-panel, win: class window. 
WS = the subworkspace of panel. 
NT = i he neural-paih-tracer upon WS: 
SW = the surnvorkspace of NT: 
M = the model-definition upon WS: 

BCB = the suhwoikspace oi the basal-donsii\ -source-tracer upon WS: 
User-BC = the user-bc-br-list upon BCB: 
simul-n = call uilunuuie-id ("simulation-' "); 
change the name of SW to symbolCI simul-n]"): 

chance the text of the iiems-belonging-to-ihis-nuxlel of M to "|ihe name of SW1"; 
lor SBU = each bioreservoir upon SVV do 
allow other processing: 

PO = tiie biopool upon the subworkspace of SBR: 
for PP = each biopool-post upon die subworkspace of SBR do 
lor SBP = each bioprocess upon SW do 
if the master-bioprocess of SBP = the rcf -bioprocess of PP then 
lor RP = each hiorole-post upon the subworkspace of SBP do 

if lite ref-bioreservoir of RP = the masier-bioreservoir of SBR then RO = the biorole-obieci connected to RP: 
if RO is a bioreactant then conclude that PO is THE-BIOPOOL-OK-R RO 
else conclude that PO is THE-BIOPOOL-OF-P RO: 
if the basaldensitv of PO /« 9.9e-y«J then insert SBR at the end of the bioreservoir list User-BC 
else 

call BASAL-DENSITY-PROC ( SBR. panel): 
chance the text of the c -panel-text upon BCB to " Sources of values for Basal Concentration within the scope 

of the current simulation . 
return: 



TABLE 219 



Al.T-START-CONC-INPUT-CALLBACK (button: class button, win: class window, panel: class entry-panel > 
lie related-item of panel: BR = the bioreservoir named by he related-item of panel:: 

P( ) = i he biopool upon the subworkspace of BR: 

top s the top-container that is ihe-container-of-br BR. 

I) = tlte densiiv-entrv of Pf ): 

incr = the CURRKNT-SI.MULATI()N-TlME-lNCRE\IENTof panel: 
t = the C U R R ENT- SLM UI.AT10N-TI ME of panel: 
C = call cet-cdit-hox-valuetpanel. "cone -entry-value '): 
if C = <> 0 then go to no- value-routine 
else go to main-routine: 
no- value-routine: 

id. o. ap. ca = call create-query -dialog i"fd". the symbol none. "No value for the concentration of (the related-item 
of panel] has been entered. If you want to run the simulation with no external input then press NONE. If you 
want an input at time 0. enter the desired value in (he box below and press INPUT. Otherwise press cancel and 
enter on the panel and press START again.". "0.0". win. 0. 0k 

conclude that the id of o = input : 

conclude that the label of o = "INPUT': 

conclude that the id of an = none : 

conclude that the label of ap= "NONE": 

conclude that the id ol ca = cancel": 

option = call waii-lor-dialos (Id. win): 

exse option is 
"input ": 

C = call uil-oei-cjuery -dialog- value (fd): 
go to main-routine: 

"none": 
C = 0.0: 

co to main-routine: 
"cancel": 
return: 
main-routine: 

EVsC Imolarj * ft.02.1e23 |molecules/liier) * Hie volume (liters per top-contatnerl of lop: 
disable button: 

ETtext = call get-edii-box-valuet panel, "entry -lime"): 
ET = u,u amity (ETtext r. 
allow other processintr. 

call START-SIMULATION-PROC ( win. panel): 
wait until t >= ET checking every 1 second: 
conclude that UE = EV: 

wait until t >= ET ♦ incr checking every I second: 
conclude that DF. = 0.0: 
if t > ET ♦ incr then return: 
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ALT-RESET-SLVIULATION-CALLBACK (butlun: class button, win: class window, panel: class entry-panel ■ 

M = the modeUdcfinition upon the workspace of buuon: 
call e2-rcset-modcl(M>: 

conclude that the current-simulation-time of panel = 0.0: 
conclude that the currem-simulation-iimc-ineremeni of panel = 0.0; 
ii there exists a hiomodel that is a-simulatcd-bm-of M then 
l or BM = each biomodel that is a-simulaied-bm-of M do 
allow other processing: 

chance the status-color icon-color of BM to medium-aquamarine; 

conclude that BM is not A-SIMULATED-BM-OF M; 
if there exists a bm-downstrcam-hp-simulaiion-list DBPL upon SW then delete DBlPL: 
if there exists a down-br-simulation-list DBRL upon SW then delete DBRL: 
if there exists a up-br-simulation-list UBRL upon SW then delete UBRL; 
if there exists a text-pushbutton Is upon SW such that uhe id of Is = "Is") then disable Is; 
if there exists a text-pushbutton dr upon SW such that (the id of dr = "dr") then disable dr; 
if there exists a text-pushbutton si upon SW such that (the id of si = "st") then disable si: 
if there exists a lext-pushbutton pa upon SW such that (the id of pa = "pa"» then disable pa; 
it there exists a lext-pushbutton rm upon SW such that (the id of rm = "rm ") then disable rm; 
ii there exists a text-pushbutton de upon SW such than the id of de = "de") then enable dc; 
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an user-mcnu-choice 

Label show-bp 
Applicable class hiopool-posi 

Condition the ref-hioprocess of the iicm has a value 

Action start P(X)LPOST-SHOW-BP-PR<x: (the item, this window* 



P(X)LPOST-SHOW-BP-PRC)C (post: class hiopool-posi. win: class window.! 

if post has a name then BP = the bioprocess named bv the ref-hionrocess of post 

else ' 1 * 

if there exists a bioprocess ABP such thai (ABP has no name and the master-bioprvKress of ABP has a 

current value and the master-bioprocess of ABP = the ref-bioproecss of post) then 
BP n ABP: 

chance the size of the subworkspacc of BP to minimum: 
case (the tocele-staie of posi > of 
show : 

chance the color-pattern of post so ihat light-color is dim-erav . dark-color is licht-crav . while-color - 

the symbol black: * - - . 

conclude that the toggle-state of post is hide: 
case i the class of post) of 
biopool-p-post: 

show the subworkspacc of BP on W at full scale with its center 280 units above the center of the screen: 
biopool-r-post: 

show the subworkspaee of BP on W at full scale with its center 280 units below the center of the screen 

hide: 

chance the color-pauern of post so thai light-color is licht-eray . dark-color is dim-crav . white-color = 

Hie symbol white: ~ " 

conclude thai ihe toggle-state of post is show, 
.ude the subworkspacc of BP on W; 
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Class name experiment -selection 

Superior class biotool 
Attribute* specific to class label is "": 

ref-biorescrvoir. 

amouni-eniry is 0.0: 

factor-entry is 0.0; 

tune-erury is 0 seconds: 

currently-selected has values true or false (default is FALSE) 
Class restrictions unless in developer, or modeler mode: selecting any experiment-selection implies table 

Attribute displays label olfsei by (-37. 12) 

Icon description cxperimcni-selection-paitern i width 70: height 4(1: dark-color . light-color . lype-color . whne-coK 
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BK-SCROU... CALLBACK (tracer: class br-scroll-tracer. win: class window, dig: class cmrv-panel) 
creaie a workspace display by cloning the SW of DR-SCROLL: 
make display the SW of tracer, 
creaie a text-list BRNL: 
lor each bioreservoir BR with a name do 

insert "<the name of BR> ' ai the end of the text list BRNL: 
add each message in lisi BRNL to the scroll-area upon display; 
change the size of display io minimum: 
>liow displav on win at the bottom rieht comer of the screen: 
delete BRNL: 
return 
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Class name 


paxress-button 


Superior class 


action-button 


Attributes specific to class 


uction-proe-name is PROCESS-EXPER-CALLBACK 


Icon description 


process-bution-paiieni (width 80: height 30) 



PKOCESS-KXPER-CALLBACK (button: class pushbutton, win: class window, panel; class entivpanel) 
SW = the subworkspace of panel: 
M = the model-definition upon SW: 
creaie a down*ircam-biorescrvoirs-li.si BRL. 
transfer BRL to SW at ( -370. -335): 
create a experiment-selections- list SL: 
transfer SL to SW at (-275. -335): 
creaie a downstream- hiopi\>cesses-Jisi BPL: 
transfer BPL to SW at (-180. -33?): 
creaie a >croll-tcxt-lisi PSML: 
for ES = each experiment -select ion upon SW do 
allow other processing: 

if the text of the ref-hiorcservoir of F.S /= none and (he text of ihe current l> -selected of F.S - Hue" ihen 
insen KS ai ihe end of the experiment-selection list SL: 
BR = the bioreservoir named bv ihe ref -bioreservoir of ES. 
call FILL- B R - IX JWNSTR EAM - LI STS - PRf)C tBR. BRL. BPL. whn. 
for DBP = each bioprocess in BPL do 
for DBM = each hiomodel that is ihe-container-of-hp DBP do 
if DBM is not a bioreservoir- bin then 
insert "(ihe name of DBM]" at the end of die text list PSML: 
lor DBP = each bioprocess in BPL do 
lor DBMT = each text in PSML do 
DB.MN = svmhol(DBMT): 
DBM = the btomodel named by DBMN: 

if DBM is not ilie-container-oi-hp DBP then remove DBMT from Hie text list PSML: 
for DBMT = each text in PSML do 

DBMN = svmbollDBMT): 

DBM = (he hiomodel named by DBMN: 
sa = call ereaic-scroll-area-from-list ( select-hiomodel-scroll ". 5. PSML. panel. 270. -228): 
change the text of the id of sa to selcci-biomodcl-scroll; 
conclude that the allow-unsclcct-on-sc.lecicd-messace of sa is true: 
conclude thai the allow-muliiplc-simuliaiieous-.sclcctions of sa is true: 
change the text of the messagc-selection-meihod of sa to MESSAGE-SELECTION: 
change the text of the message-unselection-method ol sa to MESSAGE-UNSKI.ECTION: 
if there exists a icxi -pushbutton Is upon SW such thai nhe id of Is = "Is") (hen disable Is; 
if there exists a text-pushbutton el upon SW such that (the id of el = "d") then enable el: 
disable minor. 
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C i;F. AR " EXPER " CAI - LBACK ,llullon : pushbutton, win: class window. pjniH- class .•mrv-nam-li 
S\> = ihc subworkspace ot panel: " ' 

if there exists an c2-Iist upon panel then 
for L = each g2-list upon panel do 
delete L: 

if there exists a uil -scroll-area sa upon panel such that (the id ot "de = "select-hiomodel-seroir i then delete sa- 
il there exists a text-pushbutton pr upon SW such dial (the id ot pr = "pr" ) then enable pr 
disable button: v 



TABLE 22ft 

4?J' E * PER " CA *- LBACK ,butlon: dass pushbutton, win: class window, panel: class enirv-panel i 
SW a the subworkspace ol panel: ' 
M: class model-definition e the model-definition upon SW: 
DBRL = the downsircam-hiorcservoirs-list upon SW; 
DBPL= the downstream-hioprocesses.list upon SW: 
UBRL = the up-hioreservoirs-list upon SW; 
u : integer = 0: 

it there exists a scroll-area sa upon SW such that line id of sa = "sa") then 
it not (then: exists an message-object that is a-selecicd-messace-of sa) then 

co to no-*ntry-rouune 
else 

create a bm-downstream-bp-simulation-list CDBPL: 

create a down-hr-simulation-list CDBRL: 

create an up-br-simulation-list CUBRL; 

call READ-SCROLL-PROC ( DBRL. DBPL. UBRL CDBRL 
CDBPL. CUBRL. win. panel ): 

transfer CDBPL to SW at (-yO. -350 1; 

transfer CDBRL to SW at 1-35. -350): 

transfer CUBRL to SW at < 20. -350); 
if there exists a text-pushbutton hi upon SW such that (the id of hi = "hi" ) then disable hi 
disable button: 
return: 

no-entrv-mutine: 

md = call uil-creaie-nrwssaec-dialog i "md". "No bioModcl has been selected for this experiment 

Click on the .» button lor help, lollow the instructions and click on LIST acain". win. 0 O 
return: 



TABLE 229 

A \SI IV k TE '^ XPER " CALLBACK lbuuun: class pushbutton, win: class window, panel: classTiTJv-Tanel" 
\V S = the subworkspace ot panel: • 1 

ESLs the cxpcrimcm-scleciions-lisi upon WS: 

DBPL= the bm-downstrcam-bp-simulation-list upon WS; 

val = local text: 

if the user-mode of win is simulation then 
for ES = each experiment-selection in ESL do 
if the amouni-eiiiry of ES = 0.0 and the facior-cntrv of ES = 0.0 then 

co to no-value-routine 
else 

go to main-routine: 
no-value-rouiinc: 

fd « call create-query-dialoe f fd ". "No value for the amount-emrv or factor-entrv of Ithe label of ES I lias 
heen entered It you want to run the simulation with no external input then enter YES in the box below 
l'££v S i« ° th 5 rw : ,sc - Pr«s OK. enter the desired value for this expenment-selectton. and press 
ACTIVATE again. . the symbol large. N( )". win. a 0); 

val = call cet-query-diaiog-vaiue (Id): 

if val = "YES" then go to main-routine else return: 
main-routine: 

if the number of elements in DBPL = 0 then eo to no-bp-rouiinc 
else 

call ACT! VATE-SLMULATJON-PROC twin, panel): 
disable button: 
return: 
iio-bn-rouiine: 

ad = call create-mcssagc-dialoe fad". "There are no bioPnvesses that can be selected lor activation", win. 0. in 
return \ 
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DRAW-EXPER-PATHW AY-CALLBACK (button: class bulton. win: class window, panel: class entry -panel) 
\VS = die suhworkspace oi panel: 
EL = the exjvrirneni-seleetions-list upon WS: 
DBPL = the brn-downsiream-hp-simulauon-list upon WS: 
inii-x: integer = - 50: 

it there exists a c-navig-paih-tracer upon WS then 
lor NT = each c-navic-path-iracer upon WS do 
delete NT: 

create a navie-path-tracer NT bv cloninc MASTER-NAVJG-PATHWAY: 

irunsl'cr NT to WS at 1 30. -2401 : 

SW = the suhworkspace of NT: 

x = the x-pos upon SW: 

y = the y-pos upon SW: 

conclude thai y= 120: 

show WS at half scale with its bottom right comer at the bottom right comer of the screen: 

show SW at three-t|uaner scale with its top left comer 50 units below the top left comer of the screen: 

call CONFIGURE-PATH-TRACER-PR()C<NT. win): 

for E = each experiment-selection in EL do 

allow other processing: 

n = n + 1 : 

conclude that x = init-x + 1 10 * (n • 1 ): 
conclude that y = y - 100: 

BR = the hioresorvoir named by the ref-bioreservoir of E: 

it there exists a hioprocess that is a-down-bioprocess-of BR then 

conclude that the status of BR is selected-for-input: 

BT = the biomodcl-iiile uron SW: 

conclude that the label of BT = "|the label of BT1: |the label of BR|' : 
create a hiorcscrvoir LBR bv cloninc BR: 
transfer LBR to SW at (x. y): 
conclude that y = y - 40: 

for DBP = each bioprocess that is a-down-bioprocess-of BR do 
allow other processing: 
conclude that x = x +*l 10: 
create a bioprocess LDBP bv cloninc DBP: 
transfer LDBP to SW at tx.'y); 
r = random (3. 35): 
t = random (20. 76): 

create a connection connected between LBR newly locating it at right at the position given by r and 

LDBP new ly locating it at lop at the position given by t with direction output: 
conclude thai v = v - 40: 

call CREATE'-L(>CAL-EXPER-BP-PR()C ( DBP. LDBP. SW. win): 
chance die size of SW to minimum: 
disable tumor., 
return 
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START-EXPER -CALLBACK i bution: class pushbutton, win: class window, dig: class entry-panel) 
panel = the SW ol die: 

call SET-BASAL-DENSITIES-PROC (win. dig): ESL = the expenmeiu-selections-list upon panel: 

define three local quantities: EV. FE. and ET: 

M = the model-definition upon panel. 

lor ES = each experiment-selection in ESL do 

BR = die bioreservoir named by the ref-bioreservoir of ES: 

EV = the amount-entry of ES: 

FE = the factor-entry of ES: 

ET = the time-eiwv of ES: 

if EV /= 0.0 then ' 
if BR is a sol-mol-reservoir or BR is a exp-ee 1 1 -reservoir then 

start C( )NC-INPUT-PROC (BR. EV. ET. win. die! 
else start DENSITY-INPUT-PRDC (BR. EV. ET. win. die) 

else stan DENSITY-INPUT-PROC (BR. FE. ET. win. dig)? 
stan running the model M. conclude that the model-simulaiion-staius of M is running, and inform the 

operator thai " The simulation within <the nems-belonging-to-Uiis-imxlcl of M> has started at <the current 

time as a time siamp>": 
enable the bution upon panel which id is "pa": 
disable button: 
return 
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CREATE-LOCAL-EXPER-BP-PROC (BP: class bioprocess. LBP: class bioprocess. displav: class klvworkspace. 
win: class C2- window) 
define lour local integers: p. I. r. and i: : 
x = the x-pos upon display: y= die y-pos upon displav: 
lor each biorescryoir BR that is a-Jown'-bioresenvir-of BP do 
lor each bioprocess DBP dial is a-down-bioprocess-of BR do 
if there is a bioprocess MBP upon SW such that die master- 
bioprocess of MBP is equal to the master-bioproeess of DBP then 
so to connect-BP-routine: 
else: 

conclude thai x = x + 1 10: 

create a bioprocess LDBP bv clonina DBP: 

transfer LDBP to display at (x.y): 

create a connection connected between LBP newly locating it at riant at the position given bv random 

(3. 35) and LDBP newly locating it at top at the position given bv random (20. 76) with direction output 
conclude that v = v - 40: 

call CREATE-LOCAL-EXPER-BP-PROC (DBP. LDBP. displav. win) 

return: 

connect-BP-routine: 
for each connection C connected to LBP do 

it there exists a connection DC connected to MBP such that DC is die same object as C then return 
il die x-position of LBP is lower than die x-posilion of MBP) then 
create a connection of class c-line connected between LBP newly locating it at right at the position given bv 
random (3. 35) and MBP newly locating it at bottom at the position eiven bv random <20. 76) with direction 
output, widi vertices 6 -60 else 
if die x-position of LBP is higher dian die x- position of MBP) then 
create a connection of class c-line connected between LBP newlv locating it at bottom at die position ai ven 

by (20. 76) and MBP newly locating it at left 52 with direction output, with vertices -60; 
call CREATE-LOCAL-EXPER-BP-PROC (DBP. MBP. displav. win): 
return 
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C< ^ C ' INPUT " PROC <BR: class ""'reservoir. C: float . ET: integer, win: class window, dig: class dialog) 
PO = die biopool upon die subworkspace of BR: 
top = die top-coniaincr that is Uic-container-of br BR: 
define a local float EV: 

if BR is a sol-mol-rescrvoir or BR is a exp-ccll-reservoir then 

EV s C {molar} * 6.023e23 {molccules/litcr} * die volume of top {liters} 
i = die current-simulatioii-time of dig: 
incr = die currciit-simulaiion-ume-incrcmcni of dig: 
wait until t >= ET checking every I second: 
conclude dial the density-entry of PO - EV: 
wait until t >= ET + incr checking every 1 second: 
conclude dial die density-envy of PO = 0.0: 
if i > ET + incr then return 

DENSITY-INPUT-PROC (BR: class bioreservoir. D: float . ET: imeeer. win: class window. dl«: class dialo»» 
PO = die biopool upon the SW of BR; ~ c 

t = die currem-simulation-Ume of dig: 
incr = die currcnt-simulaiion-time-incremeni of dig: 
wait until t >= ET checking every 1 second: 
conclude dial die density-ehiry of PO = D: 
wait until t >= ET + incr checking every 1 second: 
conclude dial the density-entry of PO = 0.0: 
i) i > ET ♦ incr dien return: 



RELATJVE-INPUT-PROC (BR: class bioreservoir. F: float ET: integer, win: class window, die: class dialo«»> 
PO = the biopool upon die subworkspace of BR: 
t = die currem-sunulation-iime of dig: 
incr = die current-simuladon-time-incremeni of die: 
wait until t >= ET checking even- 1 second: 
conclude that the scaled-entry of PO = F: 
wait until t >= ET ■•■ incr checking everv I second: 
conclude dial die scaled-entry of R ) = 0.0: 
if I > ET ♦ incr Uien return. 
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TABLE 232 



PAL'SE-EXPER-CALLBACK (buiton: class pushbuuon. win: class window, panel: 
class entry-panel) 

SW = ihe subworkspaee of panel: 
M = the modcl-dcllniiion upon SW: 
call g2-pausc-model (M): 

if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then enable rm: 
disable button : 



RESUME-EXPER-CALLBACK (button: class pushbutton, win: class window, panel: 
class entry-panel) 

SW = the subworkspaee of panel: 
M = the model-definition upon SW: 
call e2-rcsume-modcl (M): 

conclude that the model-simulation-staius of M is running. 

if there exists a text-pushbutton pa upon SW such that (the id of pa = "pa") then enable pa: 
disable button: 
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RESET-EXPER-CALLBACK (button: class pushbutton, win: class 
window, panel: class entry-panel) 

SW = the subworkspaee of panel: 

M = the model-definition upon SW: 

if the u2-user-modc of win is simulation then 

call RESET-SiMUL-PROC (M. panel): 

call c2-resct-nKxlel (M): 

conclude that the currem-simulation-iimc of panel = 0 seconds: 
conclude that the current-si mulation-timc-increment ol panel = 0 
seconds: 

else 

call RESET-NAVIG-PROC (panel): 
if there exists a text-pushbutton st upon SW such that (the id of st = "st") then disable si: 
il there exists a text-pushbutton pa upon SW such than the id of pa = "pa ") then disable pa: 
if there exists a text-pushbutton rm upon SW such that (the id of rm = "rm") then disable rm: 
il there exists a text-pushbutton hi upon SW such that (the id of hi = "hi") then enable hi: 
for md = each uil-messacc-dialos upon the subworkspaee of DIALOG-BIN do 
delete md: 



WO 96/22575 



PCTAJS96/00883 



VI CLAIMS: 

iVhat is claimed is: 

1 . A computer system comprising one or more processors coupled to one or more memory components, storage 
devices, displays, and user input devices, further comprising a program stored in said memory components 
for enabling the computer generation of virtual iconic models of complex multidimensional systems, wherein 
said program further comprise: 

• sets of different types of modular domain-specific processes icons, wherein each of said process icons 
represent one the many processes of different types in said complex system, together with its inputs and 
outputs 

• sets of modular domain-specific reserv oir icons, wherein each of said reservoir icons represents a pool 
of a single type/state of entity in said complex system, together with its inputs and outputs; 

• a code library comprising means for establishing links between process icons and reservoir icons, 
wherein said links are established between each input component of a process icon and an output 
component of each reservoir icon representing an input source for said process; and wherein said links 
are established between each output component of a process icon and an input component of each 
reservoir icon representing an output target for said process; 

• a code library comprising the means for the integration of alternating layers of said processes icons 
linked to said reservoir icons into multidimensional pathways, wherein each of said reservoir icons 
receives inputs from one or more of said process icons and /or is the source of inputs to one or more of 
said process icons, and wherein each of said process icons receives inputs from one or more of said 
reservoir icons and/or is the source of inputs to one or more of said reservoir icons; 

2. An system based on simulated virtual iconic models of complex processing systems for enabling trw 
monitoring and control of the operation of said pnxessing systems, wherein said virtual models comprise 
multidimensional pathways of linked and alternating processes icons and reservoir icons, wherein the 
process icons represent different types of processes in said processing system, together with their inputs and 
outputs, wherein each of said reserv oir icons represents a pool of a single type/ state of entity in said 
system, together with its inputs and outputs, wherein each of said reservoir icons receives inputs from one or 
more of said process icons and /or is the source of inputs to one or more of said process icons, wherein each 
of said process icons receives inputs from one or more of said reservoir icons and/or is the source of inputs 
to one or more of said reservoir icons, and wherein the system further comprises: 

• a computer system comprising one or more processors coupled to one or more memory units, storage 
devices, displays, and user input devices; 

• a reactor, wherein the reactor may comprise any combination of reaction tanks, fermentors, bioreactors, 
or any other domain-specific processing systems, such as ecological habitats, envi ronmental systems, 
manufacturing systems, or work places; 

• one or more monitoring devices linked to said computer system, wherein said devices monitor the 
operation of said reactor, and wherein said devices may comprise any combination of hardware, 
software, or manual data acquisition devices, such as sensors or other devices that measure values 
related to certain entities in the reactor, signal transducers, filters, amplifiers, data acquisition board*, 
appropriate device drivers, or any other required devices; 

• one or more controller devices linked to said computer system, wherein said devices regulate the 
operation of said reactor, such as controlling the flow of certain inputs to the reactor: 

• one or more domain-specific knowledge-bases loaded on said computer system describing virtual models 
of said complex processing systems, wherein said virtual models encapsulate variables, parameters and 
values characteristic of said processing systems for enabling the real-rime simulation of said processing 
systems, and wherein one or more of said variables represent values of certain entities in the reactor; 

• a main program loaded on said computer system, wherein the components of said main program comprise: 

• monitoring components enabling the use of values monitored in said reactor to provide inputs to the 
simulation components and/or the control components; 

• simulation components enabling the real-time simulation of said virtual models based on the 
information and data contained in said domain-specific knowledge-bases, with or without 
additional inputs from said monitoring components; 

• control components enabling the generation of control signals that are based on said simulation of 
the v irtual models, wherein said control signals may or may not be additionally based on inputs rrom 
said monitoring components, and wherein said control signals are passed to said controller devices 
tor regulating the operation of said reactor. 
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• one or more monitoring interfaces loaded on said computer system, wherein said interfaces provide 
-ottware bridges between said monitoring devices and said main program enabling passing of" values 
measured for certain entities in the reactor to the corresponding variables encapsulated in the virtual 
models that represent said values being measured; 

• one or more controller interfaces loaded on said computer system, wherein said interfaces provide 
software bridges between said main program and said controller devices enabling passing of control 
signals generated by said main program based on the real-time simulation of said virtual modeU. 

3. A system as described in any of the preceding claims, further comprising location icons representing discrete 
space compartments, enabling to visually organize the large amounts of components of said virtual models 
into muttipleencapsulated layers of compartments representing the actual location of the entities or 
processes of the complex systems represented by said components: 

4. A system as described in any of the preceding claims, further comprising time-compartment icons representing 
discrete time compartments, enabling to visually organize the large amounts of components of said virtual 
models into a series of successive compartments representing the actual time sequence of ordered sets of the 
processes of the complex systems represented by said components: 

5. A system as described in any of the preceding claims, further comprising entity icons representing the 
description of representative units of the entities of the pools represented by said reservoir icons, wherein 
said description can be accessed from the reserv oir icons. 

f>. A system as described in any of the preceding claims, wherein each process icon represents a composite 
object with an associated subworkspace, wherein said subworkspace holds a predefined set of the modular 
iconic components of each process icon enabling visual access to each of said components, wherein said 
subworkspace can be displayed or hidden enabling the hiding or visual display of said components, and 
wherein said components of each process icon further comprise: 

• reactant icons representing the different inputs to said process icon, wherein different types of reactant . 
icons represent the different roles that said inputs play as participants in the process represented by the 
process icon, wherein each of said reactant icons is to be linked to one of the input components of a 
reservoir; 

• an engine icon representing the action performed by the process represented by said process icon; 

• product icons representing the different outputs from the process represented by said process icon, 
wherein each of said product icons is to be linked to one of the input components of a reservoir; 

7. A system as described in any of the preceding claims, wherein each reservoir icon represents a composite 
object with an associated subworkspace, wherein said subworkspace holds a predefined set of the modular 
iconic components of each reservoir icon enabling visual access to each of said components, wherein said 
subworkspace can be displayed or hidden enabling the hiding or visual display of said components, and 
wherein said components of each reservoir icon further comprise: 

• a pool icon representing a pool of a single type/ state of entities; 

• a set of input-connector icons connected to said pool icon, wherein each of said connector icons 
represent each of the inputs to said pool and is to be linked to one of the output components or a pr«*s?. 
and 

• a set of output-connector icons connected to said pool icon, wherein each of said connector icons 
represent each of the outputs to said pool and is to be linked to one of the input components oi a process 

J*. A system as described in any of the preceding claims, wherein each of the processes icons and reserv oir icon* 
of the virtual model encapsulates one or more variables, parameters or values that represent quantities, 
rates, coefficients or other quantitative or symbolic values, enabling to distribute the components of the 
mathematical models or inference models that characterize the behavior of the complex system among all it? 
modular components, and further enabling the manipulation or any of those values for any icon 
independently of the others. 

9. A system as described in any of the preceding claims, further compnsing libraries of iconic prebuilt 

building-blocks with associated methods for enabling the visual and interactive building of virtual model* 
of complex systems, wherein said libraries further comprise: 

• a library of different types of modular domain-specific process icons representing different types ot 
domain -specific processes; 

• a library of different types of modular domain-specific reservoir icons representing pools of different 
types of domain-specific entities; and 

• a code library comprising the means for interactively create and link application-specific sets ot process 
icons and reservoir icons, enabling the rapid creanon or expansion of virtual models 
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A system as described in any of the preceding claims, further comprising a program tor enabl ing the dynamic 
generation of interactive iconic displays of the interconnected components of the multidimensional pathways 
of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the selection or control of said dynamic displays of said 
pathways; and 

• a code library comprising the means for executing the inference processing required for said dynamic 
generation of displays of pathways and other related tasks requested by the user from said graphic user 
interface. 



1 1 . A system as described in any of the preceding claims, further comprising a program for enabling the 
navigation through the components of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said navigation; and 

• a code library comprising the means for executing the inference processing required for said the 
navigation tasks requested by the user from said graphic user interface. 

12. A system as described in any of the preceding claims, further comprising a program for enabling the real-rime 
simulation of said virtual models, wherein said program further comprise: 

• a graphic user interface with means for enabling the start or control of said simulation; and 

• a code library comprising the means for executing the inference and simulation processing required for 
said simulation and other related tasks requested by the user from said graphic user interface. 

1 3 A system as described in any of the preceding claims, further comprising a program comprising the means to 
perform mixed-type simulations of said virtual models, combining quantitative, semi-quantitative and 
heuristic methods, enabling the combination of various types of information and data of different degrees ot 
precision. 

14 . A system as described in any of the preceding claims, further comprising a program comprising the means to 

perform simulations of said virtual models, , wherein said program comprise methods capable of reasoning 
during said simulations about values or events over rime. 

1 5 . A system as described in any of the preceding claims, further comprising a program for enabling the 
performance of queries based on the different types of components of said virtual models, wherein said 
program further comprise: 

• a graphic user interface with means for enabling the selection of the constraints or the displav the results 
of of said queries; and 

• a code library comprising the means for executing the complex inference processing required for said 
queries and other related tasks requested by the user from said graphic user interface. 



A system as described in any of the preceding claims, wherein the virtual models of complex systems 
represent chemical systems. 

A system as described in any of the preceding claims, wherein the virtual models of complex svstem> 
represent biological cellular systems 
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FIGURE 3 
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^Transcription Factors 

: Other Enzymes 
All Functions 




■Q UERY j | DELETE | 



:a-helix motif 
G-alpha-8 motif 
^B-hairpin motif 
^ G- strand motif 
+B1-aA-f32 motif 300^ 
+ EF-hand motif \ 

greek-key motif 
^ helix-turn motil 
+ jelly-roll-barrel motif 
^leucin- zipper motif 
^ loop- region motif 5 
^ signal-peptide motif 
*^ trefoil motif 
*fe up-down-B-barrel motif 
^ zinc-finger motif 
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PRCXACTIN.R.FB.PP4 




BaRetetvoirs oi Receptors Upst-ea 
ol JAK2-FB BR With Structure* delp»a "i^ _ , _ 
TMs Module Thai Contain (V£)atriEf-Molif f>^D j ^ 



PROLACTIN RFC BT. 
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Receptors Upstream ol JAK2-FB.BR 
With Structures defined In This Module 
That Contain 0- St rand- Mot rf 




it if it W 
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■Protactin.R" 

ITS 
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"Prolactin* 



"libronectin.tlll 
domain' 



3 strand 




fl. strand 



'Protactin-Prolactin.R" 



13 strand I 
1 l 111 — ' 



3019 



IX] "GM.CSF.R- 
ser >er 



Ugandtrte_ 




13. strand 



cy» ey» 



enfcr.jcytopl. 
*^|~;domain" 
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cys cys 
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□ FIG.32 

32U 3212-s|n.f.p 



details 



bioenljty 



3203- 



shows lists 
query panels 



navig panel >y 
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DIRECTION OF NAVIGATION 
FROM: C.ISGF3A-FB.BR 

Select one ol the lol lowing. 



UPSTREAM- NAVIGATION-PANEL FOR: 
C.ISGF3A-FB.BR 
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1. SELECT BIOMOOEL 
FOR NAVIGATION 



FI8ROBLAST.BM 



GO-FB.BM 

STAT.CASCADE-FB.BM 



CYTOSUl -GO-FB.BM 



i A "bioReservoir Bin- 
ts -Stat.Cascade- 
15J -Cytosol- 

-Fbrobtol- 



3207-> list 




•SUBPL - UBRL" 
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STAT1A-FB.BR 



JAK1-FB.BR "k-3202 



JAK2-FB.BR 



STAT1&-FB.BR 



TYK2-FB.BR 



STAT2-FB.BR 
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L_r=± 



SUri2.tyr690P* 



IPN.«.H~> 
Stal1b.1yr701P" 



H~> 
Stall B.tyr70lP' 



•cisatsr 



KUl !0 ire I HH>Pi -pathways Upstream trom: c.lSGF3a' 



•EGF-di.EGFR.lyrP 
-JaKl.tyrP" 
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□ 



FIG.33 
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"bioReservoicA* 
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bioReserv^ir 



table 



details 



simul panel 



fc-3303 
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INPUT TYPE FOR: 
bioReservoir.A 
Select one of the following: 



^ one-time/absolute 
one-time/relative 

periodic/absolute 
^ periodic/relative 



1. RELATIVE INPUT FOR 
bioReservoir.A 


■ 


Value: 
(molar): 


L3e-7 
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Time 1 st entry: 
(seconds) 


0 seconds 


|<-3307 


Entry Frequency: 


3 
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Entry Interval: 
(seconds) 






20 seconds 


J<-3309 







3. RUN SIMULATION 



/"'DBRL /\ UBRL* \ OQOO 

3314 bhs ^ d 



AUSE 




START 



RESUME 
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2. SELECT BIOMODEL 
FOR SIMULATION 



FROG-OOCYTE.BM 



G2.PHASE-F.OO.BM 
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M.PHASE-F.OO.BM 



CYTOSOL-G2-OC.BM 



G2-ENGINE-OC.BM 



LIST 
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ACTIVATE 




3315^3316 



RESET 



DELETE 



^3326 ^3325 ^3327 
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a model<ietinition I 


Names 


none 


Items belonging to this model 


FROG-OOCYTE.BM 


Default simulation time increment 


3 seconds 


Integration algorithm 


Euler 


External simulator configuration 




Simulation procedure 


model -sim ulation -proc 


Send all values at beginning of cycle 


no 


Model simulation status 


running 


Simulation control specifications 


run synchronously 
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331 1->W 2. SELECTION OF BIOMODEL(S) 
FOR DOWNSTREAM SIMULATION 
The scroll-area on the selection panel includes 
all those bw Models that contain the selected 
bioReservoir. from larger to smaller. 
* To view the set of btoprocesses that would be 
included in a simulation: 

1 . select the desired biomodel from the scroll-area. 

2. click on the LIST button below, and 

3. select 'describe' from the menu of the list-icon 
that appears on the right side of the scroll-area. 

4. If you are not satisfied with the size of that bioModel. 
or want to explore other bioModel s, press RESET 
and repeat the process again. 

5. Leave your final selection highlighted, and its 
corresponding list on the panel. 

6. Press ACTIVATE to continue. 

7. If desired, configure the slots of the table of the 
model M on the left side of the panel, by changing 
the default settings for the 'Default simulation time 
increment' and the 'Integration algorithm'. 
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a modol-cletimtion 



"DBRL 
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List of Downstream 
bioReservoirs 



bioReservoir.B 



bioReservoir.C 



bioReservoir.C 



bioReservoir.E 



bioReservoir.F 
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\ 

■sdbpC 




Names 


none 


Items belonging to this model 


this workspace 


Default simulation time increment 


3 seconds 


Integration algorithm 


Fourth-order Runge-Kutta 


External simulator configuration 




Simulation procedure 


model-simulation-proc 


Send all values at beginning of cycle 


no 


Model simulation status 


running 


Simulation control specifications 


run synchronously 
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<-j 

<-, 
<-, 
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a □ □ □ 

bioReservoir.D.RP6 
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3423- 



i.q 



o.s 



o.d_ 



-03:00 -02:00 -01:00 13:13 
btoReservoir.D 



'3405 



List of Downstream 
bioProcesses 




-> : scaled-amount x 0.0. valid indefinitely 

3424 - pfcccumulation-rate x 0.0. valid indefinitely""] 
-> input-rate 
-> | output-rate 



x 0.0, valid indefinitely 



x 0.0, valid indefinitely 



3427 



1.0 
O.i 
no 












i 


-03:00 -02:00 -01 
bk>Process.5 


:00 13:13 


Velocity 


x 0.0, valid indefinitely 



341a, 







| simulation-time 


| 339 seconds | I 


| simulation-cycle 


| 3 seconds f ' 


, | seconds-behind 


I" 




| clock-tick-length 


| 1.002 




[ percent-run-time 


| 67.0 | ; 
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^ 

[a] Defined bioReservoirs 

| EQF-OI.EQF.R.TYRP-F.LU.8R 

I IFN.G- IFN.G.R-JAIC2-FB.BR 

i IFN.G-FN.Q.R-JAK2.TYRP-JAK1.TYRP.FB.BR 

j IFN.A-IFNXR-TVK2-FBBR 

I IFNA-IFN A R-TYK2.TrRP.JAK1.TYRP-FB.BR 



FIG.35 



^1 
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! Panels 



KxponriKjiU Sijtup 1 
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i| Experiment Setup 2 v k-3502 
JhmI 

3503s, 




Harm* 


none p 


UM 


IIP" / 


Ret boretervoif 


IK-fb.Br / 


Amount enry 


0.0 / 


Factor entry 


0.0 / 


Tim* entry 


Oseabnos 


Currently selected 


tab"/ 



BIQRESEPVCIRE 



k-3506 



Interacting Celis 


^EndoCjJ ^Jrop^ - ^T^rnTpJ £^_J (^^^ |' ) ^ ) 


Systemic 
Biol.Resp.Modil. 


Coeaaaa) (aaaBaea) ^^j^Jf ^tf»u|n^ ^^^^^ ^^^^ ^^^Z3 C^^^Z) CZ^^r 


Cytokines 




Lipids 


^^^^ ^aspes^*^^^ CiZZ^ CZZ^ C^^Z3 (^^^3 


Arrinoacids 


aOSOCDCDOCDCD 


Ions 


(^^^ ^^^j GZZ!3 ^ZZ!3 (^^^} GZ^3 c ) 


Synthetic 
Ant/Agonists 


nasnnnnnn 
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FIBROBLAST.BM 
CELL.MEMBRANE-60-FB.BM 



3513 3512 35141 

y w w 

"DBRL* *Exptr. Selections ,, OBPL' 



LIST »k -3515 



3516 35173518 



•SOBRL* 'SOBFV 'SUBRL' 

3520\ 3531 

j PATHWAY I ^1223 



3526 



3524 

3525^ 3527 



PAUSE 



START 



RESUME 
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Iactivate 



RESET 



HIDE 
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: 2. SELECTION Of SK3MOOEL FOR DOWNSTREAM SIMULATION B 
: The ecrM-area to the righi mcludn aii most bioModets mat ooraain in the K 
: downstram braProcestes ot tht bioReservorrs selected, trom target lo !~ 
: smeller. 

i ' For a dynarmc navigation, proceed aa tottowtng: 
: t. select the deeied Demodtltrom the acioD-atea; 

: 2. CKCk on the LIST burton to the right: 

: 3. lo view tne set ot bioProcettes and bioReaervorra that mould be 

: included in an eioenment wittwi each bloModal. elicit on the new isl-icona 

: thai appear below the LIST button; 

■ 4. to explore other baModets. pres* RESET and repeat the proceaa. 
: 5. leave your final selection highiqhttd. ana the liata on the oanet. 

i 6. ores* PATHWAY to draw the connected pathways ot the selected 

■ btoProcessea. 

• For a Quantitative smuWon continue aa followino; 
; 7. prew ACTIVATE; 

8. to view tne aourcea of valuta tor tne Baaal Amount ot each participating ; . 
j OwPooL ekek on the BA button and clicn on tne drsoiayed lais £ 
. o. i dewed, configure the slots o) the table ot the model W to change tne E' 

■ default setfjngs lor the Default simulation lime increment and tne & 

■ Integral on a lg or i thm'. 'i f 
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Sources ot values for Basal Amount w.inm: 
GO-FB.BM 



•User-BC 



'SBABC" 



■NB06C- 



'PAB-BC 



•NBC SC 



•NOBC* 



The absolute value ot me oasai-amoun for 
the boRtservotrs mtrte Irsis above has 
been computed from the tolowing sources. 
Usar-BC •> provided by user 
NBO-BC -> from normai-basai-densitv 
NBC-BC -> trom normal-easai-conca'-traiion 
SBA BC -> trom scaied-baaal-amourt 
PAB-BC -> trom ohysioi-abundance 
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